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EXECUTIVE SUMMARY

This cleanup verification package/clean closure report documents completion of

remedial action for the 116-N-1 Crib and Trench. The 116-N-1 Crib and Trench are also

referred to as the 1301-N Liquid Waste Disposal Facility or the 1301-N Crib and Trench.

They comprise a Resource Conservation and Recovery Act of 1976-permitted waste

treatment, storage, and disposal unit. The 116-N-1 site is located within the 100-NR-1

Operable Unit in the 100 Areas of the Hanford Site in southeastern Washington State.

The 116-N-1 Crib began operation in 1963 and was used for the disposal of N Reactor

cooling water. The 116-N-1 Trench was added in 1965 to enhance percolation capacity

with both facilities operating in tandem after 1965. In 1985, the 116-N-3 Crib became

the primary liquid disposal facility for the N Reactor, and the 116-N-1 Crib and Trench

were taken out of service.

Site excavation and waste disposal are complete, and the exposed surfaces have been

sampled and analyzed to verify attainment of the remedial action goals. Results of the

sampling, laboratory analyses, and data evaluations for the 116-N-1 site indicate that

remedial action objectives and goals for direct exposure, protection of groundwater, and

protection of the Columbia River have been met (see Table ES-1).

The site meets cleanup standards and has been reclassified as "interim closed out" in

accordance with the Hanford Federal Facility Agreement and Consent Order

(Ecology et al. 1989) and the Waste Site Reclassification Guideline TPA-MP-14

(RL-TPA-90-0001) (DOE-RL 1998). This does not preclude or supersede closure

compliance conditions included in the Resource Conservation and Recovery Act of

1976 permit. A copy of the waste site reclassification form is included as

Attachment ES-1.
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Table ES-1. Summary of Cleanup Verification Results for the 116-N-I Site.
(2 Pages)

Remedial

Requrement Remedial Action Goals Results Obectives Ref.
Attained?

Direct Exposure - 1. Attain 15 mrem/yr dose rate 1. Maximum dose rate calculated by
Radionuclides above background over RESRAD is 3.35 mrem/yr for all Yes a

1,000 years. pathways.

Direct Exposure - 1. Attain individual COC RAGs. 1. All individual COC concentrations Yes b
Nonradionuclides are below the RAGs.

Meet 1. Hazard quotient of <1 for 1. Individual hazard quotients for the
Nonradionuclide noncarcinogens. 116-N-1 site are less than 1. b
Risk 2. Cumulative hazard quotient of 2. Cumulative hazard quotients for the bRequirements <1 for noncarcinogens. 116-N-1 site are less than 1.

3. Excess cancer risk of <1 x 10-6 3. There are no nonradionuclide Yes
for individual carcinogens. carcinogens for the 116-N-1 site. b

4. Attain a total excess cancer 4. There are no nonradionuclide
risk of <1 x 10'5 for carcinogens for the 116-N-1 site. b
carcinogens.

Groundwater/ 1. Attain single COC groundwater 1,2.With the exception of tritium,
River Protection - and river protection RAGs. RESRAD modeling predicts that
Radionuclides 2. Attain National Primary contaminants from the shallow and

Drinking Water Standards: deep zone do not reach groundwater
4 mrem/yr (beta/gamma) dose within 1,000 years. Tritium is
rate to target receptor/organs. predicted to reach groundwater

within 1,000 years but at
concentrations below the RAGs.
Therefore, all groundwater and river Yes a
protection RAGs have been attained.

3. Meet drinking water standards 3. None of the alpha-emitting
for alpha emitters: the more radionuclides are predicted to reach
stringent of 15 pCi/L maximum groundwater within 1,000 years.
contaminant level or 1/25th of
the derived concentration guide
for DOE Order 5400.5.

4. Meet total uranium standard of 4. Uranium was not identified as a
21.2 pCi/t. COC for this site. NA

Groundwater/ 1. Attain individual 1. Residual hexavalent chromium
River Protection - nonradionuclide groundwater concentrations are not predicted to
Nonradionuclides and river cleanup leach to groundwater or the

requirements. Columbia River at concentrations Yes a,b
exceeding the applicable water
quality criteria.
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Table ES-1. Summary of Cleanup Verification Results for the 116-N-1 Site.
(2 Pages)

Remedial

Requ ement Remedial Action Goals Results ObActives Ref.

Attained?

Other supporting 1. Sample location design (Appendix C). c
Information
NOTE: This table reflects an assessment of the site as a whole (i.e., combined crib/trench, overburden, and landfill bridge). The
combined crib/trench, overburden, and landfill bridge were also assessed against the RAGs individually. Individual calculation briefs
were also completed for the combined crib/trench, overburden, and landfill bridge. The combined crib/trench, overburden, and landfill
bridge each met all of the RAGs listed above on an individual basis. Calculations are included in Appendix C.
* 116-N-1 Combined Trench and Crib RESRAD Calculation, 010ON-CA-VO088, Rev. 1, Washington Closure Hanford, Richland,

Washington.
116-N-1 Combined Trench and Crib Cleanup Verification 95% UCL Calculation, 0100N-CA-V0087, Rev. 1, Washington Closure
Hanford, Richland, Washington.

o Shallow and Deep Zone Sample Design for the 116-N-1 Trench and Crib, 010ON-CA-V0085, Rev. 0, Washington Closure Hanford,
Richland, Washington; Cleanup Verification Sampling of Overburden from the 116-N-1 Trench, 0100N-CA-V0070, Rev. 0, Bechtel
Hanford, Inc., Richland, Washington; 116-N-1 Trench Landfill Backfill Concurrence Checklist, Figure, CCN 0559995 (BHI 2004).

d Based on the isotopic distribution of uranium in the 100 Areas, the 30 gg/L MCL corresponds to 21.2 pCi/L. Concentration-to-
activity calculations are documented in Calculation of Total Uranium Activity Corresponding to a Maximum Contaminant Level for
Total Uranium of 30 Micrograms per Liter in Groundwater (BHI 2001c).

COC = contaminant of concern
NA = not applicable
RAG = remedial action goal
RESRAD = RESidual RADioactivity (dose model)
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Attachment ES-1
Waste Site Reclassification Form

Date Submitted: Operable Unit(s): 100-NR-1 Control Number: 2006-018
5110/06

Waste Site ID: 116-N-1 Crib and Trench Lead Agency: Ecology

Originator: Type of Reclassification Action:
R. A. Carlson

Rejected 0
Phone: 948-6650 Closed Out 0

Interim Closed Out |
No Action 3

This form documents agreement among the parties listed below authorizing classification of the subject unit as
rejected, closed out, or no action and authorizing backfill of the site, if appropriate. Final removal from the National
Priorities List (NPL) of no action or closed-out sites will occur at a future date.

Description of current waste site condition:
Remedial action at the 116-N-1 site has been performed in accordance with remedial action objectives and goals
established by the U.S. Environmental Protection Agency and the Washington State Department of Ecology
(Ecology), in concurrence with the U.S. Department of Energy, Richland Operations Office. The selected remedial
action involves (1) excavating the site to the extent required to meet specified soil cleanup levels, (2) disposing of
contaminated excavation materials at the Environmental Restoration Disposal Facility at the 200 Areas of the
Hanford Site, and (3) backfilling the site with clean soil to adjacent grade elevations. The Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) excavation and disposal actions
have been completed; completion of closure for the Resource Conservation and Recovery Act of 1976 (RCRA)
treatment, storage, and disposal (TSD) unit is pending.

After this waste site is backfilled, a Certification of Closure shall be prepared for this site by an independent professional
engineer and shall be submitted to Ecology. A Certification of Closure Acceptance Letter signed by Ecology shall be
issued for the reclassification control number for this waste site to complete the RCRA TSD closure requirements.

Basis for reclassification:
The 116-N-1 Trench and Crib have been remediated to meet the closure performance/cleanup standards specified
in the 100-NR-1 Interim Remedial Action Record of Decision (Interim Action ROD), U.S. Environmental Protection
Agency, Region 10, Seattle, Washington, and DOE/RL-96-39, Rev. 1, 100-NR-1 Treatment, Storage, and Disposal
Units Corrective Measures Study/Closure Plan. Remedial action was performed to protect for direct exposure from
shallow zone soils (i.e., surface to 4.6 m [15 ft] deep) and to protect groundwater and the Columbia River. The
basis for reclassification is described in detail in the Cleanup Verification Package/Clean Closure Report for the
Soil Column of the 116-N-I Crib and Trench (CVP-2006-00004), Washington Closure Hanford, Richland,
Washington.

The cleanup verification package does not demonstrate the acceptability of unrestricted access to deep zone soils
(i.e., below 4.6 m [15 ft]); therefore, institutional controls to prevent uncontrolled drilling or excavation into deep
zone soils are required. The Explanation of Significant Difference for the 100-NR-1 Operable Unit Treatment,
Storage and Disposal Interim Action Record of Decision and 100-NR-1/100-NR-2 Operable Unit Interim Action
Record of Decision, U.S. Environmental Protection Agency, Region 10, Seattle, Washington, documents the
balancing factors analysis that concluded to allow evaluation of residual contamination in the deep zone for
protection of groundwater and the river without irrigation. Therefore, institutional controls to prevent irrigation are
required. Institutional controls will be implemented in accordance with DOE/RL-2001-41, Sitewide Institutional
Controls Plan for Hanford CERCLA Response Actions. Consistent with the rural-residential exposure scenario
specified in the Interim Action ROD, it is assumed that contaminated groundwater would not be used for drinking,
irrigation, or any other use for the time period specified in the ROD.
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Ecology Project Manager Signature Date
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1.0 INTRODUCTION

The purpose of this cleanup verification package (CVP)/clean closure report is to
document that the 116-N-1 Crib and Trench site (herein referred to as the 116-N-1 site)
was remediated in accordance with the 100-NR-1 Interim Remedial Action Record of
Decision (ROD) (EPA 2000); the Explanation of Significant Difference for the
100-NR-1 Operable Unit Treatment, Storage, and Disposal Interim Action Record of
Decision and 100-NR-1/100-NR-2 Operable Unit Interim Action Record of Decision
(100-NR-1 ESD) (EPA 2003); and the 100-NR-1 Treatment, Storage, and Disposal
Units Corrective Measures Study/Closure Plan (CMSICP) (DOE-RL 2002a). Remedial
action objectives and goals for the 116-N-1 site were established by the Washington
State Department of Ecology and the U.S. Department of Energy, Richland Operations
Office, in concurrence with the U.S. Environmental Protection Agency (EPA). These
goals and objectives are documented in the ROD (EPA 2000), the CMS/CP (DOE-RL
2002a), and the Remedial Design Report/Remedial Action Work Plan for the 100-NR-1
Treatment, Storage, and Disposal Units (1 00-NR-1 RDR/RAWP) (DOE-RL 2001).

The ROD (EPA 2000) and the CMS/CP (DOE-RL 2002a) provide the U.S. Department
of Energy, Richland Operations Office the authority, guidance, and objectives to
conduct this remedial action. The remedies specified in the ROD and the CMS/CP and
conducted for the 116-N-1 site were excavation and disposal of contaminated materials
at the Environmental Restoration Disposal Facility (ERDF) and backfilling the site with
clean soil to average adjacent grade elevations. Excavation was driven by remedial
action objectives for direct exposure, protection of groundwater, and protection of the
Columbia River. For the respective points of compliance, remedial action goals (RAGs),
summarized in Table 1, were established for the radionuclide and nonradionuclide
contaminants of concern (COCs). Waste site COCs were identified in the Sampling and
Analysis Plan for the 100-NR-1 Treatment, Storage, and Disposal Units During
Remediation and Closeout (1 00-NR-1 SAP) (DOE-RL 2002b) and are listed in Table 1.
Soil cleanup levels were established in the interim action ROD (EPA 2000) based on a
limited ecological risk assessment. Although not required by the ROD, a comparison
against ecological risk screening levels has been made for the COCs for this site as
identified in the SAP (or other relevant documentation). None of the COC
concentrations exceeded screening values. A baseline risk assessment for the river
corridor portion of the Hanford Site began in 2004 and includes a more complete
quantitative ecological risk assessment. The baseline risk assessment will be used to
support the final closeout for this site.

2.0 SITE DESCRIPTION AND SUPPORTING INFORMATION

The 116-N-1 site is located in the 100-NR-1 Operable Unit of the 100-N Area (Figure 1).
This site consists of the 1301-N Crib and the zig-zag-shaped 1301-N Trench that was
used for disposal of 100-N Reactor cooling water and other radioactive liquid wastes
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generated by various N Reactor operations. The crib began operation in 1963 and the
trench was added in 1965 to enhance percolation capacity, with both facilities operating

Table 1. Summary of Remedial Action Goals.

Direct Exposure Groundwater Protection Columbia River
COCs Cleanup LevelsuRAG Cleanup LevelsRAG Protection Cleanup

C (pCiL) Levels/RAG (pCi/L)

Radionuclides
Strontium-90 8c 8c

Americium-241

Plutonium-239/240

Nickel-63

Cesium-137 15 mrem/yr

Cobalt-60 (cumulative)" 4 mrem/yr 4 mrem/yr
(cumulative)d (cumulative)d

Europium-154

Europium-155

Tritium (H-3) 20,000 c 20,000*

Direct Exposure RAGs Soil RAGs for Soil RAGs for Columbia
COCs DrtE o ) Groundwater Protection River Protection

( (mg/kg) (mg/kg)

Nonradionuclides
Chromium (total) 80,000 18.5e 18.5

2.19
Hexavalent chromium 4.1' 4.81 29

4 0 09

Mercury 24 0.338 0.33e

Nitrate 113,000' 4,400' 4,400'
Strontium-90 and tritium also contribute to the 4 mrem/yr (cumulative) RAG for groundwater and river protection.Lookup values that correspond to the 15 mrem/yr dose rate are based on a generic site model and are presented in the
Remedial Design Reportl/Remedial Action Work Plan for the 100-NR-1 Treatment, Storage, and Disposal Units (1 00-NR-1
RDR/RAWP) (DOE-RL 2001).
Promulgated groundwater protection standard.

d Lookup values based on individual radionuclide 4 mremlyr dose rate equivalent for beta and gamma emitters per National
Drinking water standards as presented in the 100-NR-1 RDR/RAWP (DOE-RL 2001). Alpha emitters must meet drinking water
standards based on the more conservative of the 15 pCi/L maximum contaminant level or 1/25th of the derived concentration
guide per DOE Order 5400.5.
The "100 times groundwater cleanup' and/or '100 times dilution attenuation factor (DAF) times surface water protection" soil
values were less than Hanford Site soil background concentrations; therefore, background values are used as the soil RAG.
Value represents the calculated cleanup level based on the inhalation exposure pathway per WAC 173-340-750(3).

g Cleanup levels presented in the 100-NR-1 RDR/RAWP.
h Cleanup levels presented in the 100-NR-1 RDR/RAWP. Values shown are expressed as nitrate. To obtain cleanup levels for

nitrates as nitrogen, divide the nitrate RAGs by 4.4.
COC = contaminant of concem
RAG = remedial action goal
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116-N-1 Waste Site.
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in tandem after 1965. In 1985, the 116-N-3 Crib became the primary liquid disposal
facility for the N Reactor and the 116-N-1 Crib and Trench were taken out of service.

The crib area is approximately 88 m (289 ft) long by 38 m (125 ft) wide with the base of
the crib approximately 1.5 m (5 ft) below the level of the surrounding grade. A sloped
soil and gravel embankment formed the walls of the crib. The crib was originally
excavated to a depth of about 4.6 m (15 ft) below the level of surrounding grade. The
crib was backfilled at various times with boulders and cobbles to control the spread of
contamination. The three distinct layers of backfill were (1) the lowest layer, which was
0.9 m (3 ft) thick and consisted of large boulders; (2) the middle layer, which was 0.6 m
(2 ft) thick and composed of smaller boulders; and (3) the upper layer, which was 1.2 to
1.5 m (4 to 5 ft) thick and consisted of cobble-sized material.

The 116-N-1 Trench is 490 m (1,608 ft) long by 15 m (49 ft) wide at the top, with sloped
sidewalls. Water spilled over a weir box in the dike (that was located on the north side
of the crib) and into the trench. Wooden poles laid across the trench were used to
support wire screening to keep birds out. In early 1982, pre-cast concrete panels were
installed to cover the entire trench as a further step to minimize wildlife intrusion and
airborne contamination.

3.0 REMEDIAL ACTION FIELD ACTIVITIES

3.1 EXCAVATION AND DISPOSAL

Remedial/corrective action at the 116-N-1 site began in April 2002. Excavation of the
site involved removing the overburden materials, debris, the contaminated and
uncontaminated structure, and underlying contaminated soil. Based on field screening
(discussed in Section 3.2), overburden materials identified as potentially clean were
placed in stockpiles for potential use as backfill. A landfill bridge was constructed over a
portion of the 116-N-1 Trench in 2004 using clean overburden to provide a temporary
road for access to both sides of the trench. The land bridge excavation and overburden
were sampled prior to backfill to verify that the excavation and the overburden material
met the cleanup criteria. Approximately 8 m (26.2 ft) of piping was also removed
between the crib and the 1315-N valve station during excavation of the sidewall of the
crib. Closeout of this segment of piping was addressed using the verification sampling
for the crib. The contamination within the boundaries of the UPR-100-N-31 waste site
was also removed but the waste site is not proposed to be interim closed out because
of contaminant plumes that impacted active facilities and cannot be excavated until the
active facilities are closed or relocated. Contaminated materials were disposed of at the
ERDF.
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Figure 2. Pre-Remediation Topographic Plan for the 116-N-1 Waste Site.
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Figure 3. Post-Remediation Topographic Plan for the 116-N-1 Waste Site.
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In October 2005, the excavation was completed. Pre- and post-remediation
topographic maps for the waste site are shown in Figures 2 and 3. At the conclusion of
the excavation activities, the elevation of the bottom of the trench excavation and crib
excavation were at 6.5 m (21.3 ft) and 4.5 m (14.8 ft) below ground surface,
respectively. In Figure 3, the post-remediation boundary is represented by the bold
border. The excavation for the entire 116-N-1 site was approximately 36,011 m2

(387,619 ft2) in area. As specified in the ROD (EPA 2000) and CMS/CP
(DOE-RL 2002a), soils were removed beneath the crib and trench to a minimum of
1.5 m (5 ft) below the engineered structures. Approximately 333,528 metric tons
(367,652.9 US tons) of material from the site was disposed of at the ERDF.

3.2 FIELD SCREENING AND VARIANCE SAMPLING

Field screening was conducted during final stages of site remedial action. Field
screening was used to guide the excavation, to quickly assess the presence and level of
contamination, and to assess when remediation was complete. Field screening for the
116-N-1 site included using a radiological data mapping system survey, hand-held beta
and gamma detectors, gamma energy analyses, and a laser-assisted ranging and data
system. Although it was not required, the laser-assisted ranging and data system was
used for screening the overburden piles as well. The hand-held detectors were used to
screen excavated waste material and to screen for excavation wall and floor hot spots.
Gamma energy analysis was used to support waste characterization and to corroborate
the radiological mapping survey and hand-held detector data.

As specified in the 100-NR-1 SAP (DOE-RL 2002b) the 116-N-1 Crib and Trench were
considered analogous to the 11 6-N-3 Crib and Trench. Therefore, the results of the
variance sampling for the 116-N-3 site were used to determine the number of
verification samples for the 116-N-1 site. The results of the 11 6-N-3 variance sampling
(BHI 2002b) indicated that the number of verification samples to be taken was less than
the default number of 10; therefore, 10 final verification soil samples were collected from
each of the crib and trench shallow zone and deep zone decision units for a total of 40
verification samples.

3.3 CLEANUP VERIFICATION SAMPLING AND ANALYSIS

The division of the site excavation into shallow and deep zone decision units, as shown
on the sample design figures on pages C-101 and C-102, is a function of the applicable
RAGs. The direct exposure, groundwater protection, and river protection RAGs are
applicable to soils within 4.6 m (15 ft) of the ground surface. This soil is referred to as
the shallow zone. The overburden is a separate shallow zone decision unit. The
groundwater protection and river protection RAGs are applicable to soils greater than
4.6 m (15 ft) below the ground surface. This soil is referred to as the deep zone. The
116-N-1 site consisted of both a shallow and deep zone decision unit. The site was
excavated to a depth of approximately 6.5 m (21.3 ft) for the trench and 4.5 m (14.8 ft)
for the crib. The shallow zone for the crib and trench consisted of the excavation

7



CVP-2006-00004
Rev. 0
For Approval

sidewalls to a depth of 4.6 m (15 ft), and the deep zone consisted of the excavation
sidewalls below 4.6 m (15 ft) together with the floor of the excavation. All deep zone
samples were collected below 4.6 m (15 ft).

As described in Section 3.2, the required number of samples for the trench, crib, and
overburden shallow zone decision units was less than the default number of 10
randomly selected discrete samples specified in the 100-NR-1 SAP (DOE-RL 2002b).
Therefore, the default number of 10 samples was collected from each noted shallow
zone decision unit (excluding the quality assurance/quality control samples). As
specified in the 100-NR-1 SAP (DOE-RL 2002b), 10 randomly selected samples were
also collected from each of the trench and crib deep zones (i.e., below 4.6 m [15 ft]) in
addition to quality assurance/quality control samples. For the land bridge area, four
judgmental samples from the shallow zone and one judgmental sample from the deep
zone were collected from the excavation prior to backfilling to create the land bridge.
The sample design calculations for the 116-N-1 site are documented in the sample area
and location calculation briefs included in Appendix C.

Final cleanup verification samples were collected on November 8, 2005 through
November 10, 2005 for the combined 116-N-1 Crib and Trench area. Verification
sampling of overburden was performed on December 1, 2003. Verification soil samples
of the land bridge area were collected on August 3, 2003 and October 19, 2004. The
final verification samples were submitted to offsite laboratories for analysis using
approved EPA analytical methods, as required per the 100-NR-1 SAP (DOE-RL 2002b).

4.0 CLEANUP VERIFICATION DATA EVALUATION

This section presents the evaluation and modeling of the 116-N-1 cleanup verification
data for comparison with the data quality criteria and RAGs.

4.1 DATA QUALITY ASSESSMENT PROCESS

A data quality assessment (DQA) is performed to compare the verification sampling
approach and resulting analytical data with the sampling and data quality requirements
specified by the project objectives and performance specifications.

The DQA for the 116-N-1 site determined that the data are of the right type, quality, and
quantity to support site verification decisions within specified error tolerances. All
analytical data were found to be acceptable for decision-making purposes. The
evaluation verified that the sample design was sufficient for the purpose of clean site
verification. The cleanup verification sample analytical data are stored in the Hanford
Environmental Information System and are summarized in Appendix A. The detailed
DQA is presented in Appendix B.
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4.2 CONTAMINANTS OF CONCERN 95% UPPER CONFIDENCE LIMIT

The primary statistical calculation to support cleanup verification is the 95% upper
confidence limit (UCL) on the arithmetic mean of the data. The 95% UCL values for
each COC are computed for each decision unit (e.g., for the shallow and deep zones
and overburden). Prior to calculating the 95% UCL, the individual sample results are
reviewed and, as appropriate, adjusted per the 100-NR-1 SAP (DOE-RL 2002b). This
process is summarized below.

Appendix C shows the 95% UCL calculation brief for the combined 116-N-1 Crib and
Trench. Individual 95% UCL calculation briefs were also completed for overburden and
for the land bridge. Each of these calculation briefs went through the cleanup
verification calculation brief approval process and is archived in the Washington Closure
Hanford project files.

Verification sampling summary statistics (95% UCL values) are listed in Table 2.
Individual sample cleanup verification results are presented in Appendix A.

" Radionuclides: The laboratory-reported value is used in the calculation of the 95%
UCL. In cases where the laboratory does not report a value for data qualified with a
"U" (i.e., less than the detection limit), half of the minimum detectable activity is used
in the calculation of the 95% UCL.

* Nonradionuclides: For data flagged with a "U" (i.e., less than detection), a value
equal to one-half the practical quantitation limit is used in the calculation of the 95%
UCL, consistent with Washington State Department of Ecology regulations
(WAC 173-340-740[7][g]).

For nonradionuclides, if greater than half of the sample results for a given COC are
below detection, then the statistical value is set equal to the maximum concentration
detected (i.e., versus computing a 95% UCL).

Statistical calculations are presented in the 116-N-1 Combined Crib and Trench
Cleanup Verification 95% UCL Calculation, 116-N-1 Overburden Verification 95% UCL
Calculation, and 116-N-1 Trench Landbridge Cleanup Verification 95% UCL Calculation
calculation briefs (Appendix C). The columns on the left side of Table 2 are the 95%
UCL statistical values before subtraction of background, if appropriate. The columns on
the right side of the table present statistical values adjusted for background, when
background values exist; it is these values that constitute the cleanup verification data
set and are used for RESidual RADioactivity (RESRAD) modeling. For the shallow and
deep zone, only the background values for the uranium isotopes are subtracted from

9



Table 2. 116-N-1 Cleanup Verification Data. (2 Pages)

95% UCL Statistical Values Cleanup Verification Data Setb

Combined Cmie
COCs Crib/Trench Land Bridge Hanford Site CrbiTrench Land Bridge

Overburden Background' Overburden
Shallow Deep Shallow Deep Shallow Deep Shallow Deep

Zone Zone Zone Z Zo0  Zone Zone Zone Zone

Radionuclides (pCi/g)d

Americium-241 0.55 35 0.12 629 0.042 NA 0.55 35 0.12 (ND) 629 0.042 (ND)
(ND) (ND)

Cobalt-60 0.121 310 0.21 9,460 0.55 0.008 0.121 310 0.21 9,460 0.542

Cesium-137 0.36 5,100 0.59 96,500 1.2 1.1 0.36 5,100 0.59 96,500 0.1

Europium-154 0.071 7.3 0.079 92.8 0.022 0.033 0.071 7.3 0.079 92.8 0 (<BG)
(ND) (ND) (ND) (ND)

(ND)

Europium-155 0.069 1.9 0.062 21 0.0017 0.054 0.069 1.9 0.062 21 0 (<BG)
(ND) (ND) (ND) (ND) (ND) (ND) (ND)

Tritium (H-3) NC 16 NC -3.66 NC NA NC 16 NC -3.66 NC
(ND) (ND)

Nickel-63 0.97 170 0.154 2,370 2.87 NA 0.97 170 0.154 2,370 2.87
(ND) (ND) (ND) (ND)

Plutonium 0.026 41 0.072 700 0.0027 0.025 0.026 41 0.072 700 0 (<BG)
239/240 (ND) (ND) (ND) (ND) (ND)

Strontium-90 0.18 931 0.19 2,150 0.1 0.18 0.18 931 0.19 2,150 0 (<BG)
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Table 2. 116-N-1 Cleanup Verification Data. (2 Pages)

95% UCL Statistical Values Cleanup Verification Data Setb

Combined Land Bridge Hanford Site Combined Land Bridge
cocs Crib/Trench Lad _rig Background Crib/Trench

________ ___-Overburden B krunOverburden

Shallow Deep Shallow I Deep Shallow Deep Shallow Deep
Zone Zone Zone Zone0  Zone Zone Zone Zone

Nonradionuclides (mglkg)d

Chromium (total) NC 14 NC 9.1 13.2 18.5 NC 14 NC 9.1 13.2

Hexavalent NC 2.96 NC 0.4 0.35 NA NC 2.96 NC 0.4 0.35
chromium (ND) (ND)

Mercury 0.02 NC 0.02 NC 0.02 0.33 0.02 NC 0.02 (ND) NC 0.02 (ND)
(ND) (ND) (ND) (ND)

Nitrate 17 68 1 1.7 52 52 17 68 1 1.7 52

a Represents the 90t' percentile of the lognormal distribution (DOE-RL 1995, DOE-RL 1996).
b The statistical value above background is used as the input value for RESidual RADioactivity (RESRAD) modeling. For overburden, background is subtracted from all

radionuclides. Refer to Appendix C for additional details on determination of statistical values.
Only one sample was collected in the deep zone for the land bridge. The value presented is the sample result and not a 95% UCL value.

d Laboratory data including the minimum detectable activity or practical quantitation limit for the individual cleanup verification samples are included in Appendix A and the 95%
UCL calculation brief.

BG = background
COC = contaminant of concem
NA = not available
NC = not a COC for this zone
ND = not detected
UCL = upper confidence limit

XT-n,0 0

C)
N)
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the statistical values. For overburden, background is subtracted from the statistical
value for all radionuclides when background values are available.

4.3 SITE-SPECIFIC CLEANUP VERIFICATION MODEL

The summary of statistical values presented in Table 2 were evaluated and used to
develop site-specific cleanup verification models. The 116-N-1 cleanup verification
models as described in the 100-NR-1 RDR/RAWP (DOE-RL 2001) comprise three
depth intervals: (1) the shallow zone and overburden, (2) the contaminated deep zone,
and (3) the uncontaminated vadose (deep) zone. Based on the assumption that
residual contaminant levels in the deep zone data set extend uniformly to groundwater
(as discussed in the 100-NR-1 RDR/RAWP [DOE-RL 2001]), residual activities of
americium-241, cobalt-60, cesium-137, nickel-63, plutonium-239, plutonium-240, and
strontium-90 would result in groundwater concentrations that exceeded the groundwater
RAGs. Because the assumption that the deep zone contaminant concentrations extend
uniformly to groundwater is too conservative in the case of these contaminants, the
three-layer model (based on boreholes 199-N-1 07A and 199-N-108A) was applied to
the 116-N-1 site. The development and application of this model is discussed in 100-N
Remedial Action Project, 100-NR-1 Subsurface Contaminant Layers (BHI 2001 b) and
116-N-1 RESRAD Evaluation of Groundwater Protection (BHI 2003). In addition,the
100-NR-1 ESD (EPA 2003) removed the 76 cm (30 in.) of irrigation assumption from the
modeling for the 116-N-1 waste site based on a balancing factor evaluation and
implementation of institutional controls prohibiting irrigation.

4.4 RESRAD MODELING

The individual radionuclide cleanup verification statistical values (Table 2) were entered
into the RESRAD computer code, Version 6.3 (ANL 2005), to estimate the dose rate
and to estimate the impact on groundwater and the river from residual COC
concentrations. The direct radiation exposure dose rate to the resident living in his or
her basement (rural-residential scenario) was conservatively estimated by substituting
(for analysis purposes) a case where the resident is standing on level ground with the
soil containing concentrations representative of residual (i.e., post-cleanup) shallow
zone soils. This is conservative because it ignores the potential shielding effects of
concrete basement walls and any clean backfill between residual soils and the
basement walls.

The RESRAD modeling methodologies, results, input values, and the site-specific
cleanup verification model are included in the RESRAD calculation brief (Appendix C).
The drinking water dose rate calculations based on the RESRAD estimated
groundwater radionuclide concentrations are shown in the comparison to drinking water
standards calculation brief (Appendix C). Specific results from the calculations are
discussed in the RAG evaluation section (Section 5.0).
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5.0 EVALUATION OF REMEDIAL ACTION GOAL ATTAINMENT

This section demonstrates that remedial actions at the 116-N-1 site meet the applicable
RAGs. Sections 5.1, 5.2, and 5.3 address attainment of direct exposure RAGs,
groundwater protection RAGs, and Columbia River protection RAGs, respectively.
Section 5.4 documents application of the WAC 173-340 (Model Toxics Control Act
[MTCA] Cleanup Regulation) three-part test to the shallow and deep zones. This test is
required for nonradionuclide COCs only and is based on the most restrictive RAG for
each zone.

5.1 DIRECT EXPOSURE SOIL REMEDIAL ACTION GOALS ATTAINED

5.1.1 Radionuclides

The results of the RESRAD dose rate estimates for the 116-N-1 site combined crib
and trench shallow and deep zone all-pathways scenarios are presented in Figure 4.

Figure 4. Combined Crib and Trench Shallow and Deep Zone Dose Rate
Estimates for the 116-N-1 Site (All Radionuclides, All Pathways).

These dose rates represent the dose contributions from soils at relevant time
periods. The dose is largest at present (year 2006), 3.35 mrem/yr, and decreases to
5.09 x 10-02 in 1,000 years. The estimated dose rate in the year 2018 from the site is
1.97 mrem/yr.
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The RESRAD modeling for the 116-N-1 site overburden was performed in 2004 and
indicated the dose rate estimate to be largest in year 2004 at 8.17 mrem/yr, and
decreasing to 4.93 x 10-03 mrem/yr in 1,000 years. The estimated dose rate in the
year 2018 from the overburden is 2.92 mrem/yr.

The RESRAD modeling for the 116-N-1 site trench land bridge was performed in
2004 and indicated the dose rate estimate to be largest in year 2004 at
4.39 mrem/yr, and decreasing to 4.31 x 10-07 mrem/yr in 1,000 years. The estimated
dose rate in the year 2018 from the overburden is 2.03 mrem/yr.

5.1.2 Nonradionuclides

5.1.2.1 Direct Comparison to RAGs. Table 3 compares the cleanup verification
statistical values presented in Table 2 to the direct exposure RAGs/cleanup levels
presented in Table 1. No verification values exceeded the direct exposure RAGs.

Table 3. Attainment of Nonradionuclide Direct Exposure Standards.

Direct Shallow Zone overburden Land Bridge Direct
Nonradionuclides Exposure Statistical Statistical Statistical Exposure

RAG Value Value Value RAGs
(mg/kg) (mg/kg) (mg/kg) (mg/kg) Attained?'

Mercury 24 0.02 0.02 0.02 Yes
Nitrate 113,000 17 52.0 1.0 Yes

aCriterion is comparison to the cleanup criteria (RAGs) as provided in the RDR/RAWP (DOE-RL 2001).

5.1.2.2 Noncarcinogenic Hazard Quotient RAG Attained. For noncarcinogenic
COCs, WAC 173-340 (MTCA Cleanup Regulation) specifies the evaluation of the
hazard quotient, which is given as daily intake divided by a reference dose. For cleanup
actions under the ROD (EPA 2000), a comparable conservative approach is used to
demonstrate attainment of the noncarcinogenic risk requirements.

The COCs with noncarcinogenic effects at this site are mercury and nitrate. The sum of
the individual COC quotients for the shallow zone soils is below the limit of 1.0.
Therefore, the noncarcinogenic risk requirements have been attained. This is shown in
the 95% UCL calculation brief (Appendix C).

5.1.2.3 Carcinogenic Risk RAG Attained. For individual nonradionuclide
carcinogenic COCs, the WAC 173-340 Method B cleanup limits are based on an
incremental cancer risk of 1 x 10-6. For nonradionuclide carcinogenic COCs, the total
excess cancer risk must be less than 1 x 10-5 (EPA et al. 1998).

There are no nonradionuclide carcinogenic COCs for the shallow zone. Therefore, the
carcinogenic risk standards have been attained.
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5.2 GROUNDWATER REMEDIAL ACTION GOALS ATTAINED

5.2.1 Radionuclides

The estimated groundwater concentrations for all of the radionuclide COCs contributed
by the site soils are shown in the RESRAD calculation brief (Appendix C). Table 4
shows the total peak concentration predicted for each radionuclide COC and provides
the individual RAGs for comparison. No COC is predicted to exceed the RAGs;
therefore, the RAGs are attained.

Table 4. Estimated Peak Radionuclide Groundwater Concentrations
(Summing Shallow and Deep Zone Impacts) Compared to RAGs. (2 Pages)

Peak Concentration RAG RAGS Attained?
Radionuclide (pCi/L) (pCi/L) (Yes/No)

116-N-1 Site

Americium-241 a 1.20 Yes

Cobalt-60 a 100b Yes

Cesium-137 a 60 Yes

Europium-154 a 60" Yes

Europium-155 a 600 D Yes

Tritium (H-3) 1.52 20,000 * Yes

Nickel-63 a 50 Yes

Plutonium-239/240 a 1.2 0  Yes

Strontium-90 a 8e Yes

Overburden Soil

Americium-241 15 Yes

Cobalt-60 100 Yes

Cesium-137 a 60" Yes

Europium-154 a 60" Yes

Europium-155 a 600" Yes

Tritium 20,000e Yes

Nickel-63 a 5O" Yes

Plutonium-239/240 a 15 Yes

Strontium-90 a 8e Yes'

Landbridge Soil
Americium-241 a 15 Yes

Cobalt-60 a 1007 Yes

Cesium-137 a 60" Yes

Europium-154 a 60" Yes

Europium-155 a 600D Yes

Tritium 20,000* Yes

Nickel-63 a 50u Yes
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Table 4. Estimated Peak Radionuclide Groundwater Concentrations
(Summing Shallow and Deep Zone Impacts) Compared to RAGs. (2 Pages)

Radionuclide Peak Concentration RAG RAGS Attained?
(pCi/L) (pCi/L) (Yes/No)

Plutonium-239/240 a 150 Yes
Strontium-90 a 8e Yes

SBased on RESRAD modeling, these radionuclides do not reach groundwater in 1,000 years.bLookup value corresponding to a dose rate of 4 mrem/yr.
cApha emitters must meet drinking water standards based on the more stringent of the 15 pCi/L maximum
contaminant level or 1/25th of the derived concentration guide per DOE Order 5400.5.dThe tritium 95% UCL statistical value was negative and therefore was not input into RESRAD.
'U.S. Environmental Protection Agency drinking water promulgated RAG (40 CFR 141.55).
The 100-NR-1 ESD (EPA 2003) documents the balancing factors analysis that concluded to allow
evaluation of residual contamination in the deep zone for protection of groundwater and the river without
irrigation. Therefore, institutional controls to prevent irrigation are required.

5.2.2 Nonradionuclides

Table 5 illustrates the coiparison of cleanup verification statistical values to the
groundwater protection RAGs. The listed RAGs are based on background or the
"100 times groundwater cleanup rule." The results of meeting the listed RAGs
demonstrate that the groundwater protection RAG has been attained.

5.3 COLUMBIA RIVER REMEDIAL ACTION GOALS ATTAINED

5.3.1 Radionuclides

The river protection RAGs for radionuclides are identical to the groundwater protection
RAGs. The RESRAD modeling results were compared to the groundwater protection
RAGs in Table 5.

With the exception of tritium, the results indicated that radionuclides are not predicted to
reach groundwater (and, by extension, not predicted to reach the Columbia River). No
radionuclide reaches groundwater at levels above 4 mrem/yr; therefore, the Columbia
River protection RAGs have been attained. Tritium is predicted to reach groundwater
within 1,000 years but at concentrations below the RAG.
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Table 5. Attainment of Nonradionuclide Remedial Action Goals for
Protection of Groundwater and the Columbia River. (2 Pages)

Soil RAGGrudae
Soil RAG for for Statistical Cleanup andor River RAGs

Nonradionuclides Groundwater Columbia Verification Protection Attained?
Protection River Data Value RAGs (Yes/No)

(mg/kg) Protection (mg/kg) Exceeded?
(mg/kg)

Combined Crib and Trench Shallow Zone

Chromium (total) Not a shallow zone COG

Hexavalent chromium Not a shallow zone COC

Mercury 0.33 0.33 0.02 No Yes

Nitrate 4,400a 4,400a 17 No Yes

Combined Crib and Trench Deep Zone

Chromium (total) 18.5 18.5 14 No Yes

Hexavalent chromium 4.8 2 2.96 Yes Yesb

Mercury Not a deep zone COG

Nitrate 4,400 4,400- 68 No Yes

Overburden

Chromium (total) 18.5 18.5 13.2 No Yes

Hexavalent chromium 4.8 2 0.35 No Yes

Mercury 0.33 0.33 0.02 No Yes

Nitrate 4,400a 4,4008 52 No Yes

Land Bridge Shallow Zone

Chromium (total) Not a shallow zone COG

Hexavalent chromium Not a shallow zone COC

Mercury 0.33 0.33 0.02 No Yes

Nitrate 4,400a 4,400a 1 No Yes

Land Bridge Deep Zone

Chromium (total) 18.5 18.5 9.1 No Yes

Hexavalent chromium 4.8 2 0.4 No Yes

Mercury Not a deep zone COG

Nitrate 4,400a 4,400a 1.7 No Yes
a Cleanup verification samples were analyzed for nitrates as nitrogen. The values presented are expressed as nitrate

rather than as nitrogen. To obtain the cleanup level for nitrate as nitrogen divide the nitrate RAGs by 4.4.
b Based on the 100-D, 100-F, and 100-H Area hexavalent chromium leach studies, groundwater and surface water

quality criteria will not be exceeded where hexavalent chromium concentrations in soil are less than 5.7 mg/kg.
COC = contaminant of concern
RAG = remedial action goal
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5.3.2 Nonradionuclides

Table 5 illustrates the comparison of cleanup verification statistical values to the
Columbia River protection RAGs. The table shows that the residual concentration
(statistical value) of all nonradionuclide COCs for the site is less than the listed river
protection soil RAGs with the exception of hexavalent chromium in the deep zone.
However, based upon agreement among the Tri-Parties cited in Section E.5 of the
100 Area RDR/RAWP (DOE-RL 2005) and "Hexavalent Chromium Issues at 1OOD/DR
Project" (BHI 2000b), hexavalent chromium leach test results are used to compare
residual soil concentrations to hexavalent chromium concentrations in leach test soils
that did not produce leachate that exceeded the groundwater and river water quality
criteria. If residual soil concentrations are below the hexavalent chromium
concentrations that produced leachate exceeding water quality criteria, the site is
determined to be protective of groundwater and the river.

Results and application of the hexavalent chromium leach tests are presented in CVPs
for the 100-D, 100-F, and 100-H Areas (BHI 2000a, BHI 2002a, and BHI 2001a,
respectively). Leach tests in the 100-D Area indicated that soils with hexavalent
chromium concentrations below 6.1 mg/kg would not produce leachate that exceeded
the Columbia River protection criteria of 20 pg/L (surface water quality criteria of
10 pg/L times the dilution attenuation factor of 2). Likewise, 100-F Area soils with
hexavalent chromium concentrations below 7.2 pg/L and 100-H Area soils with
hexavalent chromium concentrations below 5.7 pg/L are shown to meet Columbia River
protection criteria.

Therefore, using the simple and conservative approach of comparing the residual soil
concentration of hexavalent chromium to the soil concentrations used in leach testing,
and comparing the leachate concentrations from the leach tests to the surface water
hexavalent chromium cleanup level, this indicates that remaining hexavalent chromium
in deep zone soil at the 116-N-1 site is protective of the river. That is, the highest cited
hexavalent chromium soil concentration (2.96 mg/kg) is less than the 100-D, 100-F, and
100-H Area soil concentration levels that produced a leachate that did not exceed the
Columbia River protection criteria of 20 pg/L.

The results listed in Table 5 demonstrate that the Columbia River protection RAGs have
been attained for this site.

5.4 WAC 173-340 THREE-PART TEST FOR NONRADIONUCLIDES

Sections 5.1, 5.2, and 5.3 looked separately at compliance with direct exposure RAGs,
groundwater protection RAGs, and Columbia River protection RAGs. Section 5.4
documents application of the WAC 173-340-740(7)(e) three-part test for
nonradionuclides using the most restrictive RAGs applicable to each decision unit (i.e.,
shallow zone, overburden, and deep zone). The most restrictive RAG is defined as the
lowest of the direct exposure, groundwater protection, and river protection RAGs. The
direct exposure, groundwater protection, and river protection RAGs are applicable to the
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shallow zone and overburden. Groundwater and river protection RAGs are applicable
to the deep zone. The WAC 173-340 three-part test consists of the following criteria:
(1) the cleanup verification statistical value must be less than the cleanup level, (2) no
single detection can exceed two times the cleanup criteria, and (3) the percentage of
samples exceeding the cleanup criteria must be less than 10%.

Table 6 summarizes the results of the WAC 173-340 (MTCA Cleanup Regulation) three-
part test (WAC 173-340-740(7)) for the shallow and deep zone sample data sets. For
each nonradionuclide COC, the table lists the most restrictive applicable RAG (selected
from the RAGs in Table 1), the maximum detected value, the total number of samples
collected, and the number of samples exceeding the most restrictive RAG. The final
column of the table describes the result of applying the three WAC 173-340 (MTCA
Cleanup Regulation) criteria using the values listed in the preceding columns.

Table 6 shows that all nonradionuclide COCs pass the WAC 173-340 (MTCA Cleanup
Regulation) three-part test.

Table 6. Application of the WAC 173-340 (MTCA Cleanup Regulation) Three-Part Test.
(2 Pages)

Percent

Most Stringent Statistical Maximum Total Exceeding
Nonradionuclides Applicable RAG Value Detected Number of s t An

(mg/kg) (mg/kg) (mglkg) Samples Stringent Attained?
Applicable

RAGd

Combined Crib and Trench Shallow Zone

chromium (total) Not a shallow zone cOc
Hexavalent Not a shallow zone cOc
chromium

Mercury 0.33 0.020 0.02- 22 0 Yes

Nitrate 4,40(Y 17 27.1 22 0 Yes

Combined Crib and Trench Deep Zone

Chromium (total) 18.5 14 31.7 22 14% Yes9

Hexavalent 2 2.96 2.96 22 14% Yes"
chromium

Mercury Not a deep zone COC

Nitrate 4,400' 68 102 22 0 Yes

Overburden

Chromium (total) 18.5 13.2 15.6 11 0 Yes

Hexavalent 2 0.35 0.35 11 0 Yes
chromium

Mercury 0.33 0.02e 0.02e 11 0 Yes
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Three-Part Test.

(2 Pages)

Percent

Most Stringent Statistical Maximum Total Exceeding
Nonradionuclides Applicable RAG Value Detected Number of Most RAGs

(mg/kg) (mg/kg)a (mg/kg)b Samplesc Stringent Attained?
(mg/kg)Applicable

RAGd

Nitrate 4,400 52 24 11 0 Yes

Land Bridge Shallow Zone
Chromium (total) Not a shallow zone COC

chomium Not a shallow zone COC

Mercury 0.33 0.02e 0.02 e 4 0 Yes

Nitrate 4,400, 1 1.1 4 0 Yes

Land Bridge Deep Zone
Chromium (total) 18.5 9.1 9.1 1 0 Yes

Hexavent 2 0.4 (ND) 0.4 (ND) 1 0 Yes

Mercury Not a deep zone COC

Nitrate 4,400' 1.7 1.7 1 0 Yes

a Criterion is comparison to the cleanup RAG.
b Criterion is no single detection can exceed two times the cleanup criteria.
0 The total number of samples includes field duplicate samples, which are included in the evaluation as separate samples.Criterion is the percentage of samples exceeding the cleanup criteria must be les§ than 10%.
* This value is the practical quantitation limit (PQL) for this analyte. Analyte concentrations for this test were below

detection limits of this method.
Cleanup verification samples were analyzed for nitrates as nitrogen. The values presented in this table are expressed as
nitrate rather than nitrogen. To obtain cleanup levels for nitrate as nitrogen divide the nitrate RAGs by 4.4.

The deep zone total chromium data set does not meet the 10% Criteria (footnote d). However, because total chromium
has a Kd value of 200 mUg, an evaluation based on the 100 Area Analogous Sites RESRAD Calculations (BHI 2005)
shows that total chromium will not reach groundwater (and therefore the Columbia River) within 1,000 years.Since the deep zone hexavalent chromium data set did not meet the 10% criteria (note d), protection for the deep zone
hexavalent chromium is demonstrated based on the 100 Area leach study results discussed in Section 5.3.2.

COC = contaminant of concern
ND = Not detected. Analyte concentration is below detection limits of the method and/or instruments used.
RAG = remedial action goal

6.0 RADIONUCLIDE RISK INFORMATION

The radionuclide RAG for direct exposure is derived from the ROD (EPA 2000) and is
expressed in terms of an allowable radiation dose rate above background
(i.e., 15 mrem/yr). The RAG evaluation (Section 5.0) involved using the RESRAD
model to estimate total annual radiation dose rates for 1,000 years for Comparison to
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the RAG. Radiation presents a carcinogenic risk, and the RESRAD model also
calculates the excess lifetime cancer risk associated with the estimated radiation dose
rates using the EPA's Health Effects Assessment Summary Tables (update dated
April 16, 2001, "Update of Radionuclide Carcinogenicity Slope Factors," available on the
Internet at www.epa.gov/radiation/heast). The "National Oil and Hazardous Substances
Pollution Contingency Plan" (40 Code of Federal Regulations 300) presents a target
range for residual risk of 10-4 to 10-6. Figure 5 illustrates excess lifetime cancer risk as
estimated using the RESRAD model. Because of radioactive decay, the risk decreases
over time. The estimated risk is largest, 3.66 x 10-5 from the site, at present
(year 2006), and decreases to 1.12 x 10-7 in 1,000 years. The estimated risk in the year
2018 is 2.4 x 10-5.

For the 116-N-1 site overburden, the risk was estimated to be largest in 2004 at
7.70 x 10-5 and decreases to 1.07 x 10-8 1,000 years later. The estimated risk in the
year 2018 is 3.85 x 10-5.

For the 116-N-1 site trench landbridge, the risk was estimated to be largest in 2004
at 4.72 x 10-7 and decreases to 1.91 x 10-11 1,000 years later. The estimated risk in
the year 2018 is 2.75 x 10-5.

Figure 5. RESRAD Analysis - Radionuclide Excess Cancer Risk,
All Pathways (Shallow and Deep Zones).
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7.0 STATEMENT OF PROTECTIVENESS

This CVP/clean closure report demonstrates that remedial action at the 116-N-1 site
has achieved the remedial action objectives and corresponding RAGs established in the
approved Interim Action ROD (EPA 2000) and 100-NR-1 RDR/RAWP (DOE-RL 2001).
Only the soils of the 116-N-1 overburden, shallow zone, and the deep zone layer
immediately in contact with the shallow zone have been sampled, analyzed, and
modeled for groundwater protection in this CVP. The cleanup verification package does
not demonstrate the acceptability of unrestricted access to deep zone soils (i.e., below
4.6 m [15 ft]); therefore, institutional controls to prevent uncontrolled drilling or
excavation into deep zone soils are required. The 100-NR-1 ESD (EPA 2003),
documents the balancing factors analysis that concluded to allow evaluation of residual
contamination in the deep zone for protection of groundwater and the river without
irrigation. Therefore, institutional controls to prevent irrigation are required. Institutional
controls will be implemented in accordance with DOE/RL-2001-41, Sitewide Institutional
Controls Plan for Hanford CERCLA Response Actions. Consistent with the
rural-residential exposure scenario specified in the 100-NR-1 Interim Remedial Action
Record of Decision (ROD), it is assumed that contaminated groundwater would not be
used for drinking, irrigation, or any other use for the time period specified in the ROD.
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Table A-1. Combined Crib and Trench Shallow Zone Cleanup Verification Data. (Sheet 1 of 2)

Sample HEIS Sample Am-241 Cs-137 Co-60 Eu-14 Eu-155

Point Number Date pCi/g 0 MDA pCi/g Q MDA pCi/g Q MDA pCilg Q MDA pCi/g 0 MDA

Trench SZ-01 J10FB0 11/9/2005 6.OOE-02 U 2.30E-01 1.95E-01 4.6E-02 1.11E-01 4.5E-02 1.2E-01 U 1.2E-01 9.4E-02 U 9.4E-02

Trench SZ-08 J10FB7 11/8/2005 7.1E-02 U 5.4E-01 6.86E-01 6.3E-02 7.7E-02 4.4E-02 1.7E-01 U 1.7E-01 1.8E-01 U 1.8E-01

Trench SZ-09 J10FB8 11/8/2005 -4.5E-02 U 3.5E-01 8.31E-01 6.4E-02 1.64E-01 6.4E-02 1.6E-01 U 1.6E-01 1.3E-01 U 1.3E-01

Trench SZ-02 J1OFB1 11/8/2005 9.OE-02 U 1.7E-01 3.77E-01 3.2E-02 4.1E-02 U 4.1E-02 1.3E-01 U 1.3E-01 1.4E-01 U 1.4E-01

Trench SZ-10 J10FB9 11/8/2005 -8.1E-02 U 6.2E-01 4.27E-01 5.3E-02 1.98E-01 4.6E-02 1.3E-01 U 1.3E-01 1E-01 U 1.4E-01

Trench SZ-03 J10FB2 11/8/2005 6.OE-02 U 4.6E-01 6.4E-02 2.7E-02 2.7E-02 U 2.7E-02 8.E-02 U 8.4E-02 9.2E-02 U 9.2E-02

Trench SZ-04 J10FB3 11/8/2005 1.7E-02 U 1.6E-01 1.05E-01 3.1E-02 4.1E-02 U 4.1E-02 14E-1 U 1.4E-01 7.4E-02 U 7.4E-02

Trench SZ-07 J10FB6 11/8/2005 3.99E+00 3.9E-01 8.28E-01 4.1E-02 &5E-02 U 8.5E-02 1.2E-01 U 1.2E-01 7.2E-02 U 7.2E-02

Trench SZ-06 J10FB5 11/8/2005 -3.4E-02 U 2.6E-01 3.49E-01 4.OE-02 5.5E-02 3.7E-02 1.1E-01 U 1.E-01 1.3E-01 U 1.3E-01

Trench SZ-05 J10FB4 11/8/2005 5.6E-02 U 2.2E-01 3.7E-02 U 3.7E-02 4.2E-02 U 4.2E-02 1.4E-01 U 1.4E-01 7.2E-02 U 7.2E-02

Duplicate of J10FC2 11/8/2005 -7.3E-02 U 5.6E-01 4.2E-02 U 4.2E-02 4.5E-02 U 4.5E-02 1.6E-01 U 1.6E-01 1.4E-01 U 1.4E-01
J1OFB4 _______ 1___ 

1___ U___ 1.6E-01 1AE__ ____

Split of JIOFB4 J10FC5 11/8/2005 8.OE-02 U 2.17E-01 1.38E-01 1.83E-02 2.38E-02 U 2.47E-02 5.98E-03 U 6.55E-02 5.24E-02 U 4.82E-02

Equipment J10FC3 11/8/2005 -4.8E-02 U 3.7E-01 3.E-02 U 3.E-02 3.3E-02 U 3.3E-02 lE-Ol U l.E-01 1.3E-01 U 1.3E-01
Blank I ____ I____ I____ ____ ____

Crib SZ-01 J10F90 11/8/2005 3.1E-02 U 2.4E-01 4.79E-01 4.3E-02 5.14E-01 3.8E-02 1.E-01 U I.1E-01 1.2E-01 U 1.2E-01

Crib SZ-02 JtOF9l 11/8/2005 -3.5E-02 U 2.7E-01 3.5E-02 U 3.5E-02 2.3E-02 U 2.3E-02 7.4E-02 U 7.4E-02 8.6E-02 U 8.6E-02

Crib SZ-03 J10F92 11/8/2005 9.6E-02 U 2.5E-01 4.OE-02 U 4.OE-02 4.E-02 U 4.7E-02 1.5E-01 U 1.E-01 8.2E-02 U 8.2E-02

Crib SZ-04 J10F93 11/8/2005 2.5E-02 U 1.9E-01 6.4E-02 U 6.4E-02 1.3E-01 U 1.E-0 1.5E-01 U 1.5E-01 2.5E-01 U 2.5E-01

Crib SZ-05 J10F94 11/8/2005 1.85E-01 U 4.7E-01 1.54E-01 4.OE-02 5.1E-02 U 5.E-02 1.7E-01 U 1.7E-01 1E-01 U 1.1E-01

Duplicate of JiorCO 11/8/2005 6.3E-02 U 2.4E-01 9.6E-02 4.4E-02 4.5E-02 U 4.5E-02 1.5E-01 U 1.5E-01 1.6E-01 U 1.6E-01

Split of J 1F94 J10FC4 11/8/2005 7.02E-02 U 3.26E-01 4.65E-02 1.78E-02 3.67E-03 U 1.85E-02 -2.30E-02 U 5.56E-02 6.63E-02 U 4.90E-02

Equipment 1OFC1 11/8/2005 6.20E-02 U 4.8E-01 2.5E-02 U 2.5E-02 2.9E-02 U 2.9E-02 8.8E-02 U 8.8E-02 6.4E-02 U 6.4E-02
Blank I____ ____

Crib SZ-06 J10F95 11/8/2005 7.1E-02 U 2.7E-01 3.3E-02 U 3.3E-02 3.2E-02 U 3.2E-02 .OE-01 U 1.E-01 1.1E-01 U 1IE-01

Crib SZ-07 J10F96 11/8/2005 3.7E-02 U 2.9E-01 3.3E-02 U 3.3E-02 3.5E-02 U 3.5E-02 1.2E-01 U 1.2E-01 1.3E-01 U 1.3E-01

Crib S-08 J10F97 11/8/2005 -4.9E-02 U 1.9E-01 7.2E-02 3.1E-02 4.6E-02 U 4.6E-02 1.2E-01 U 1.2E-01 6.7E-02 U 6.7E-02

Crib SZ-09 J 8 11/8/2005 5.OE-02 U 3.8E-01 1.96E-01 5.1E-02 1.18E-01 4.9E-02 1.5E-O1 U .5E-01 1.7E-01 U 1.7E-01

Crib SZ-10 J10F99 11/8/2005 2.5E-02 U 1.9E-01 4.06E-01 7.3E-02 -0 7.3E-02 1.9E-01 U 1E-01 1.3E-01 U 1.3E-01

NOTE: The following acronyms and abbreviations apply to all table in this apenix.
HEIS = Hanford Environmental Information system PQL = practical quantitation limit
MDA = minimum detectable activity Q = qualifier U = undetected

J = estimated
D = diluted
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Table A-1. Combined Crib and Trench Shallow Zone Cleanup Verification Data. (Sheet 2 of 2)
Sample HEIS Sample Ni-63 Pu-239/240 Sr-90 Nitrate Mg

Point Number Date pClIg Q MDA pCI/g Q MDA pCilg Q MDA pCilg Q MDA pCI/g 0 MDA

Trench SZ-01 J1OFB0 11/912005 1.47E+00 UJ 2.6E+00 7.4E-02 U 1.94-01 14E-02 U 6.5E-01 1.6E+00 2.1E-01 1.7E-02 U 1.E-02
Trench SZ-08 J1OFB7 11/8/2005 2.84E+00 UJ 3.7E+00 2.3E-02 U 1.7E-01 6.5E-02 U 2.5E-01 1.05E+00 2.2E-01 1.6E-02 U 1.6E-02
Trench SZ-09 JIOFB8 11/8/2005 1.13E+00 UJ 2.3E+00 0 U 1.4E-01 6.7E-02 U 2.7E-01 5.74E+00 2.1E-01 1.6E-02 U 1.6E-02
Trench SZ-02 J1OFB1 11/8/2005 4.63E-01 UJ 3.02+00 4.7E-02 U 1.8E-01 1.35E-01 U 2.6E-01 3.38E-01 2.E-01 1.5E-02 U 1.5E-02
Trench SZ-10 J1OFB9 11/8/2005 1.68E+00 UJ 2.7E+00 3.6E-02 U 1.4E-01 1.51E-01 U 2.5E-01 2.23E+00 2.2E-01 1.8E-02 U 1.8E-02
Trench SZ-03 J1OFB2 11/8/2005 4.39E-01 UJ 3.7E+00 0 U 2.0E-01 9.5E-02 U 2.4E-01 1.84E+00 2.1E-01 1.6E-02 U 1.6E-02
Trench SZ-04 J1OFB3 11/812005 6.11E-01 UJ 3.6E+00 0 U 1.8E-01 1.06E-01 U 2.4E-01 5.01-01 2.E-01 1.6E-02 U 1.6E-02
Trench SZ-07 J10FB6 11/8/2005 1.16E+00 UJ 3.8E+00 0 U 1.8E-01 1.49E-01 U 2.5E-01 1.72E+01 4.3E-01 1.8E-02 U 1.8E-02
Trench SZ-06 J1OFB5 11/8/2005 2.57E+00 UJ 3.0+00 0 U 2.0E-01 -2.7E-02 U 3.02-01 8.93-01 2.1E-01 1.8E-02 U 1.8E-02
Trench SZ-05 J1OFB4 11/8/2005 1.16E-01 UJ 2.3E+00 0 U 1.9E-01 9.0E-03 U 2.6E-01 1.39E+00 2.E-01 1.5E-02 U 1.5E-02
Duplicate of JIOFC2 11/8/2005 4.75E-01 UJ 3.1E+00 0 U 2.1E-01 -3.1E-02 U 2.8E-01 1.7E+00 2.E-01 1.5E-02 U 1.5E-02J1OFB4 I____ I____

Split of J1OFB4 J1OFC5 11/8/2005 2.04E+00 U 6.95E+00 -2.34E-03 U 9.76E-02 1.34E-02 U 9.08E-02 3.6E+00 5.1E-01 1.E-02 B 8.00E-03
Equipment J1OFC3 11/8/2005 2.2E+00 U 2.3E+00 0 U 2.2E-01 5.9E-02 U 2.9E-01 1.98E-01 U 2.E-01 150E-02 U 1.5E-02BlankI
Crib SZ-01 J10F90 11/8/2005 8.4E-01 UJ 4.1E+00 3.4E-02 U 2.6E-01 1.1E-01 U 2.5E-01 2.71E+01 1.1E+00 1.7E-02 U 1.7E-02
Crib SZ-02 J1OF91 11/8/2005 -1.81E-01 UJ 3.0E+00 0 U 3.9E-01 -3.6E-02 U 2.8E-01 6.84E-01 2.E-01 1.6E-02 U 1.6E-02
Crib SZ-03 J10F92 11/8/2005 -5.2E-01 UJ 3.3E+00 2.5E-02 U 1.9E-01 -1.8E-02 U 2.2E-01 5.64E+00 2.1E-01 1.7E-02 U 1.7E-02
Crib SZ-04 J10F93 11/8/2005 6.99E-01 UJ 3.4E+00 3.7E-02 U 2.8E-01 6.38E-01 2.2E-01 7.78E+00 2.1E-01 1.8E-02 U 1.8E-02
Crib SZ-05 J10F94 11/8/2005 -7.94E-01 UJ 3.7E+00 0 U 2.5E-01 4.93E-01 2.2E-01 7.14E+00 2.1-01 1.8E-02 U 1.8E-02
Duplicate of J10FCO 11/8/2005 -2.15E+00 UJ 3.8E+00 0 U 8.8E-02 5.9E-01 1.9E-01 6.6E+00 2.2E-01 1.6E-02 U 1.6E-02

Split of J10F94 J1OFC4 11/8/2005 2.75E+00 U 6.24E+00 -1.90E-03 U 7.94E-02 4.5E-01 U 9.79E-02 1.28E+01 2.2E+00 7.9E-03 U 8.-03
Equipment OFC1 11/8/2005 5.54E-01 U 3.3E+00 0 U 9.7E-02 1.7E-02 U 2.5E-01 1.96-01 U 2.2-0 1.4E-02 U 1.4E-02

Crib SZ-06 J10F95 11/8/2005 7.8E-02 U 3.3E+00 1.9E-02 U 1.5E-01 1.41E-01 U 2.5E-01 7.27E+00 2.1E-01 1.5E-02 U 1.5E-02
Crib SZ-07 J10F96 11/8/2005 -1.07E+00 U 3.4E+00 0.E+00 U 9.92-02 2.E-03 U 2.5E-01 1.74E+01 4.2E-0 1.3-02 U 1.3E-02
C rib SZ-8 J10F97 11/8/2005 1.2.-01 U 3.3EE00 0.E+00 U 9.6E-02 3.4E-02 U 2.4E-01 3.02E+00 2.E-01 1.4E-02 U 1.4-02

rZ-0 J10F98 11/8/2005 8.53E-01 U 3.6E+00 4.5E-02 U 1.72-01 9.3-02 U 2.0E-01 1.09E+01 2.E-01 1.52-02 U 1.5E-02
Crib SZ-10 J10F99 11/8/2005 -696E-01 U 3.2E+00 1.8E-02 U 1.4E-01 1.04E-01 U 2.1E-01 6.39E+00 2.3E-01 2.0E-02 U 2.E-02

0
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Table A-2. Combined Crib and Trench Deep Zone Cleanup Verification Data. (Sheet 1 of 3)
HEIS Sample Am-241 Cs-137 Co-60 Eu-154 Eu-155

nt Number Date pCi/g Q PQL pCi/g Q MDA pCi/g Q MDA pCi/g Q MDA pCiIg Q MDA

Trench DZ-02 J1OFF1 11/9/2005 7.29E+00 5.2E-01 1.10E+03 2.2E+00 4.5E+00 U 4.5E+00 2.5E+00 U 2.5E+00 3.OE+00 U 3.OE+00

Trench DZ-01 JiOFFO 11/9/2005 6.32E+01 4.OE-01 4.61E+03 4.6E+00 7.33E+02 2.2E+00 8.84E+00 4.2E+00 5.1E+00 U 5.1E+00

Trench DZ-03 J10FF2 11/9/2005 1.49E+02 4.7E-01 .31E+04 6.5E+00 1.23E+03 3.2E+00 2.36E+01 6.9E+00 9.8E+00 U 9.8E+00

Trench DZ-04 JIFF3 11/10/2005 7.92E+01 3.1E-01 1.06E+04 4.0E+00 6.90E+02 8.3E-01 2.3E+01 2.8E+00 6.2E+00 U 6.2E+00

Trench DZ-05 JIOFF4 11/10/2005 1.07E+00 2.3E-01 3.19E+02 6.9E-01 8.0E+00 2.3E-01 5.7E-01 U 5.7E-01 1.4E+00 U 1.4E+00

Duplicate of J1OFF4 J1OFC9 11/10/2005 1.1E+00 4.4E-01 3.36E+02 3.9E-01 9.34E+00 1.4E-01 3.7E-01 U 3.7E-01 1.1E+00 U 1.1E+00

Split of J1OFF4 J1OFH1 11/10/2005 1.66E+00 1.6E+00 3.52E+02 1.11E-01 1.08E+01 4.6E-02 3.33E-01 U 1.63E-01 1.38E-01 U 3.31E-01

Trench DZ-06 J1OFF5 11/10/2005 4.58E+01 5.6E-01 4.11E+03 2.4E+00 2.89E+02 9.9E-01 7.25E+00 2.5E+00 4.2E+00 U 4.2E+00

Trench DZ-07 J1OFF6 11/10/2005 7.38E+00 3.OE-01 3.84E+03 2.8E+00 5.98E+01 5.OE-01 2.45E-00 1.2E+00 3.8E+00 U 3.8E+00

Trench DZ-08 J1OFF7 11/10/2005 1.53E-01 U 5.8E-01 2.99E+00 1.2E-01 1.7E-01 U 1.7E-01 3.2E-01 U 3.2E-01 3.OE-01 U 3.OE-01

Trench DZ-09 J1OFF8 11/10/2005 5.15E+01 5.7E-01 2.16E+04 8.1E+00 5.77E+02 2.4E+00 1.82E+01 5.8E+00 1.2E+01 U 1.2E+01

Trench DZ-10 JIOFF9 11/10/2005 1.03E+00 3.9E-01 9.47E+01 4.2E-01 1.43E+01 1.4E-01 6.3E-01 U 6.3E-01 6.1E-01 U 6.1E-01

Crib DZ-01 JIOFDO 11/9/2005 1.4E+00 2.8E-01 8.65E+01 1.7E-01 6.55E+00 7.7E-02 3.1E-01 U 3.1E-01 5.6E-01 U 5.6E-01

Crib DZ-02 J1OFDI 11/9/2005 2.3E+00 3.1E-01 3.14E+02 3.0E-01 1.05E+01 9.7E-02 2.6E-01 U 2.6F-01 1.OE+00 U 1.OE+00

Crib DZ-03 J10FD2 11/9/2005 3.81E+00 2.4E-01 3.IOE-02 U 3.1E-02 3.5E-02 U 3.5E-02 8.9E-02 U 8.9E-02 6.OE-02 U 6.OE-02

Crib DZ-04 J1OFD3 11/9/2005 3.72E+00 3.E-01 2.18E+01 1.8E-01 1.47E+01 1.1E-01 2.9E-01 U 2.9E-01 4.4E-01 U 4.4E-01

Crib DZ-05 J10FD4 11/9/2005 2.66E+00 4.OE-01 3.45E+02 3.5E-01 2.45E+01 1.6E-01 4.5E-01 U 4.5E-01 7.9E-01 U 7.9E-01

Duplicate of J1OFD4 JIOFCS 11/9/2005 2.21E+00 3.8E-01 3.75E+02 33E-01 2.62E+01 1.3E-01 6.35E-01 3.2E-01 9.9E-01 U 9.9E-01

Split of J1OFD4 J1OFHO 11/9/2005 368E+00 U 1.66E+00 3.8E+02 1.18E-01 2.8E+01 4.73E-02 7.36E-01 U 1.85E-01 -1.83E-01 U 3.9E-01

Crib DZ-06 JIOFD5 11/9/2005 3.57E+00 2.5E-01 4.28E+02 3.4E-01 2.65E+01 1.3E-01 1.78E+00 3.7E-01 1.OE+00 U 1.OE+00

Crib DZ-07 JIOFD6 11/9/2005 E.06E+00 31-01 1.1E+01 4.OE-02 2.02E+01 3.1E-02 2.21E-01 6.1E-02 1.14E-01 1lE-01

Crib DZ-0S J10FD7 11/9/2005 3.12E-01 U 34E-01 5.6E+01 9.8E-02 2.14E'00 4.2E-02 1.1E-01 U 1.1E-01 3.3E-01 U 3.3E-01

Crib DZ-09 11/9/2005 0 U 4.3E-01 1.34E+01 2.5E-02 6.66E-01 2.1E-02 5.9E-02 U 5.9E-02 5.9E-02 U 5.9E-02 -n

Crib DZ-10 11/9/2005 1.98E-01 U 3.OE-01 9.84E+01 1.9E-01 1.18E+01 9.9E-02 2.8E-01 U 2.8E-01 3.8E-01 U 3.8E-01
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Table A-2. Combined Crib and Trench Deep Zone Cleanup Verification Data. (Sheet 2 of 3)

Sample Point HEIS Sample Tritium Ni-63 Pu-239/240 Sr-90
Number Date pCilg 0 MDA pCilg 0 MDA pCi/g Q MDA pCi/g Q MDA

Trench DZ-02 J1OFF1 11/9/2005 6.16E+00 2.2E+00 4.37E+01 3.9E+00 9.98E+00 2.4E-01 6.55E+01 8.1E-01

Trench DZ-01 J1OFFO 11/9/2005 2.04E+01 2.3E+00 2.87E+02 3.6E+00 8.04E+01 1.9E-01 5.58E+02 1.1E+00

Trench DZ-03 J1OFF2 11/9/2005 3.03E+01 2.2E+00 7.88E+02 4.4E+00 1.54E+02 1.7E-01 1.26E+03 1.8E+00

Trench DZ-04 J1OFF3 11/10/2005 5.11E+01 2.2E+00 3.18E+02 4.1E+00 7.81E+01 1.8E-01 2.11E+03 1.8E+00

Trench DZ-05 J1OFF4 11/10/2005 8.8E+00 2.2E+00 2.25E+00 U 4.0E+00 9.97E-01 2.2E-01 2.37E+02 7.1E-01

Duplicate of J1OFF4 J1OFC9 11/10/2005 1.3E+01 2.7E+00 2.46E+00 U 3.9E+00 9.08E-01 2.2E-01 2.46E+02 1.1E+00
Split of J10FF4 J1OFH1 11/10/2005 -6.33E-01 U 1.98E+00 4.44E-01 U 6.73E+00 3.25E+00 U 7.86E-01 3.40E+02 1.1E+00

Trench DZ-06 JiOFF5 11/10/2005 1.68E+01 2.3E+00 2.25E+02 3.9E+00 5.14E+01 2.0E-01 1.47E+03 1.9E+00

Trench DZ-07 J1OFF6 11/10/2005 2.3E+01 2.2E+00 2.85E+01 4.1E+00 7.62E+00 2.2E-01 2.02E+03 1.8E+00
Trench DZ-08 JIOFF7 11/10/2005 2.41E+00 2.2E+00 1.67E+00 U 3.8E+00 8.2E-02 U 2.E-01 8.09E+01 6.9E-01
Trench DZ-09 J1OFF8 11/10/2005 3.27E+01 2.7E+00 1.94E+02 3.8E+00 1.01E+02 1.5E-01 1.75E+03 1.2E+00
Trench DZ-10 J1OFF9 11/10/2005 3.27E+00 2.2E+00 6.5E+00 4.OE+00 1.1E+00 2.OE-01 1.17E+01 4.4E-01

Crib DZ-01 J10FDO 11/9/2005 3.23E-01 U 2.1E+00 6.87E+00 4.1E+00 1.69E+00 2.2E-01 2.86E+02 2.8E-01

Crib DZ-02 J10FD1 11/9/2005 3.11E+00 2.3E+00 1.38E+01 4.5E+00 2.49E+00 1.5E-01 9.12E+02 3.1E-01

Crib DZ-03 J10FD2 11/9/2005 2.4E+00 2.2E+00 1.7E+01 4.OE+00 4.28E+00 1.6E-01 1.80E+02 2.7E-01

Crib DZ-04 J10FD3 11/9/2005 1.04E+00 U 2.2E+00 9.41E+00 5.OE+00 3.81 +00 14E-01 1.23E+02 2.9E-01

Crib DZ-05 J10FD4 11/9/2005 5.83E+00 2.IE+00 3.47E+01 3.5E+00 3.74E+00 1.4E-01 1.50E+03 2.7E-01
Duplicate of JIOFD4 J1OFC8 11/9/2005 6.5E+00 2.IE+00 3.08E+01 3.9E+00 3.42E+00 1.7E-01 1.56E+03 2.8E-01

Split of J10FD4 J1OFHO 11/9/2005 1.7E+00 U 1.8E+00 5.83E+01 3.25E+01 1.13E+01 U 1.7E+00 1.32E+03 1.77E+01

Crib DZ-06 J10FD5 11/9/2005 2.14E+00 2.1E+00 1.09E+01 5.2E+00 3.76E+00 1.E-01 5.79E+01 2.8E-01

Crib DZ-07 J10FD6 11/9/2005 1.55E+00 U 2.2E+00 1.OE+01 5.6E+00 1.11E+00 1.9E-01 1.10E+02 2.7E-01

Crib DZ-08 JIOFD7 11/9/2005 2.59E-01 U 2.1E+00 4.75E+00 3.2E+00 6.8E-01 1.5E-01 7.21E+01 3.1E-01

Crib DZ-09 JIOFD8 11/9/2005 9.39E-01 U 2.1E+00 2.36E+00 U 5.6E+00 4.OE-02 U 1.5E-01 4.93E+01 3.5E-01

Crib 0-1 0 J10FD9 11/9/2005 1.31E+00 U 2.2E+00 2.44E+00 U 4.2E+00 3.16E-01 1.4E-01 2.62E+02 2.9E-01
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Table A-2. Combined Crib and Trench Deep Zone Cleanup Verification Data. (Sheet 3 of 3)

HEIS Nitrate Chromium Hexavalent Chromium
umber mg/kg Q PQL mg/kg Q PQL mg/kg 0 POL

Trench DZ-02 J1OFFI 11/9/2005 2.62E+00 2.3E-01 1.33E+01 5.8E-01 2.34E-01 U 2.3E-01

Trench DZ-01 JiOFFO 11/9/2005 1.85E+01 D l.E+00 1.26E+01 5.2E-01 2.09E-01 U 2.1E-01

Trench DZ-03 J10FF2 11/9/2005 2.12E-01 U 2.1E-01 7.9E+00 5.2E-01 2.13E-01 U 2.1E-01

Trench DZ-04 J1OFF3 11/10/2005 1,34E+00 2.1E-01 1.41E+01 5.3E-01 2.12E-01 U 2.1E-01

Trench DZ-05 J1OFF4 11/10/2005 1.95E+00 2.1E-01 7.6E+00 5.3E-01 2.86E-01 2.2E-01

Duplicate of JIOFF4 J1OFC9 11/10/2005 1.52E+00 2.1E-01 8.2E+00 5.2E-01 2.13E-01 U 2.1E-01

Split of J1OFF4 J1OFH1 11/10/2005 4.8E+00 5.1E-01 6.2E+00 7.5E-01 1.50E-01 U 1.5E-01

Trench DZ-06 JiOFF5 11/10/2005 2.02E-01 U 2.E-01 6.4E+00 5.2E-01 2.4E-01 2.1E-01

Trench DZ-07 JOFF6 11/10/2005 4.29E+00 2.1E-01 9.E+00 5.3E-01 2.11E-01 U 2.1E-01

Trench DZ-0 J1OFF7 11/10/2005 1.02E+02 D 2.1E+00 5.5E+00 5.3E-01 2.15E-01 U 2.2E-01

Trench DZ-09 J10FF8 11/10/2005 5.83E+-01 D 2.3E+00 3.17E+01 5.8E-01 2.52E+00 2.3E-01

Trench DZ-10 J1OFF9 11/10/2005 3.32E-01 2.1E-01 1.15E+01 5.4E-01 2.17E-01 U 2.2E-01

Crib DZ-01 J10FDO 11/9/2005 1.14E+00 2.E-01 4.5E+00 5.3E-01 2.09E-01 U 2.1E-01

Crib DZ-02 J10FD1 11/9/2005 1.02E+00 2.1E-01 1.23E+01 5.3E-01 1.03E+00 2.1E-01

Crib DZ-03 J10FD2 11/9/2005 3.44E-01 2.1E-01 5.3E+00 5.3E-01 2.10E-01 U 2.1E-01

Crib DZ-04 J10FD3 11/9/2005 2.07E-01 U 2.IE-01 5.8E+00 5.3E-01 2.11E-01 U 2.1E-01

Crib DZ-05 J10FD4 11/912005 1.22E+00 2.2E-01 2.21E+01 5.4E-01 2.96E+00 2.2E-01

Duplicate of J10FD4 J10FC8 11/9/2005 1.48E+00 2.1E-01 1.74E+01 5.2E-01 2.77E+00 2.1E-01

Split of J10FD4 J1OFHO 11/9/2005 2.6E+00 5.1E-01 2.22E+01 7.5E-01 1.5E-01 U 1.5E-01

Crib DZ-06 J10FD5 11/9/2005 2.52E+00 2.1E-01 8.6E+00 5.2E-01 2.11E-01 U 2.1E-01

Crib DZ-07 J10FD6 11/9/2005 5.52E+00 2.1E-01 4.8E+00 5.2E-01 2.09E-01 U 2.1E-01

Crib DZ-08 J10FD7 11/9/2005 3.89E-01 2.1E-01 5.7E+00 5.3E-01 2.11E-01 U 2.1E-01

Crib DZ-09 J1OFD8 11/9/2005 5.57E+00 2.3E-01 1.41E+01 5.8E-01 2.31E-01 U 2.3E-01

Crib DZ-10 J1OFD9 11/9/2005 3.99E+00 2.3E-01 1.9E+01 5.6E-01 7.8E-01 2.3E-01
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Table A-3. Overburden Cleanup Verification Data.
Sample HEIS Sample Am-241 Cs-137 Co-60 Eu-154 Eu-155 NI-63

Point Number Date pCI/g Q MDA pCl/g Q MDA pCi/g Q MDA pCil/g Q MDA pClI/g 0 MDA pCi/g Q MDA
OB-01 .J015L1 12/1/2003 2.9E-02 U 1.1E-01 4.8E-01 2.7E-02 3.8E-02 U 3.8E-02 7.5E-02 U 7.5E-02 8.1E-02 U 8.1E-02 7.61E-01 U 2.1E+00

Duplicate o J015MI 12/1/2003 4.3E-02 U 1.1E-01 5.2E-01 4.5E-02 1.3E-01 4.1E-02 1.2E-01 U 1.2E-01 1.2E-01 U 1.2E-01 3.64E-01 U 2.1E+00

Split of J015M3 12/1/2003 6.6E-02 U 1.8E-01 5.8E-01 1.7E-02 1.3E-01 1.7E-02 -1.9E-02 U 5.5E-02 5.0E-02 U 4.8E-02 7.7E-01 U 6.4E+00

OB-02 J015L2 12/1/2003 -6.0E-02 U 1.2E-01 1.4E-01 2.9E-02 2.9E-02 U 2.9E-02 9.1E-02 U 9.1E-02 8.5E-02 U 8.5E-02 1.26E+00 U 2.1E+00
OB-03 J015L3 12/1/2003 1.5E-02 U 1.1E-01 1.3E+00 3.1E-02 2.4E-01 3.0E-02 8.5E-02 U 8.5E-02 6.3E-02 U 6.3E-02 1.91E+00 U 2.1E+00
OB-04 J015L4 12/1/2003 0.0E+00 U 1.3E-01 4.5E-01 2.8E-02 4.4E-02 2.9E-02 8.5E-02 U 8.5E-02 1.2E-01 U 1.2E-01 7.OOE+00 2.0E+00
OB-05 .015L5 12/1/2003 4.7E-02 U 1.2E-01 3.6E+00 4.6E-02 2.5E-01 3.7E-02 1.2E-01 U 1.2E-01 1.4E-01 U 1.4E-01 2.42E-01 U 2.1E+00
OB-06 J015L6 12/1/2003 8.8E-02 U 1.1E-01 1.0E+00 3.8E-02 2.9E-01 3.7E-02 1.1E-01 U 1.E-01 7.8E-02 U 7.8E-02 9.84E-01 U 2.2E+00
08-07 J015L7 12/1/2003 14E-02 U 1.1E-01 5.1E-01 2.6E-02 3.1E-01 3.3E-02 8.1E-02 U 8.1E-02 6.5E-02 U 6.5E-02 3.81E+00 2.2E+00
OB-08 J015L8 12/1/2003 4.3E-02 U 1.1E-01 5.5E+00 7.1E-02 1.6E+00 4.4E-02 14E-01 U 1.4E-01 1.5E-01 U 1.5E-01 1.17E+00 U 2.2E+00
OB-09 J015L9 12/1/2003 3.4E-02 U 1.3E-01 2.3E-01 3.7E-02 3.5E-01 3.8E-02 1.1E-01 U 1.1E-01 7.1E-02 U 7.1E-02 4.22E-01 U 2.1E+00
OB-10 J015MO 12/1/2003 0.0E+00 U 1.3E-01 1.9E-01 2.8E-02 4.1E-02 U 4.1E-02 8.9E-02 U 8.9E-02 7.8E2-02 U8-02 2.92E-01 U 2.1E+00

-n,
0

0

C

Sample HEIS Sample Pu-239/240 Sr-total Tritium Nitrate Mercury Cr-total Cr+
Point Number Date pCil/g 2 MDA pCig O MDA pCi/g 2 MDA mg/kg 0 PQL mg/kg Q PQL mg/kg Q PQL mg/kg 0 PQL

OB-01 J015L1 12/1/2003 0.0E+00 U 2.8E-01 1.E-01 U 2.E-01 -7.6E-02 U 2.7E-01 2.3E+01 2.OE+00 1.E-02 U 1.E-02 1.56E+01 7.2E-01 2.2E-01 U 2.2E-01
Duplicate o J015MI 12/1/2003 3.8E-02 U 2.9E-01 3.E-01 2.E-01 -4.OE-02 U 2.6E-01 2.4E+01 1.0E+00 1.E-02 U 1.2-02 1.36E+01 8.1E-01 2.6E-01 2.2E-01.1i0t-I

Splitof J015M3 12/1/2003 0.OE+00 U 1.OE-01 1.1E+00 8.4E-01 5.1E-02 3.0E-02 2.7E+00 6.OE-02 1.8E-02 U 1.8E-02 1.1E+01 6.2E-02 3.5E-01 U 3.5E-01

OB-02 J015L2 1211/2003 0.0E+00 U 2.8E-01 2.E-03 U 2.E-01 6.0E-02 U 2.6E-01 2.9E+00 1.9E-01 2.E-02 U 2.E-02 1.12E+01 7.9E-01 2.4E-01 2.1E-01
OB-03 J015L3 12/1/2003 0.0E+00 U 2.6E-01 2.E-01 2.E-01 5.0E-03 U 2.7E-01 1.7E+01 2.0E+00 1.E-02 U 1.E-02 1.31E+01 7.2E-01 2.2E-01 U 2.2E-01
OB-04 J015L4 12/1/2003 0.0E+00 U 2.6E-01 3.E-02 U 2.E-01 -6.9E-02 U 2.2E-01 4.9E-01 I 1.9E-01 1.E-02 U 1.E-02 7.80E+00 5.9E-01 3.5E-01 2.1E-01
OB-05 J015L5 12/1/2003 0.0E+00 U 2.1E-01 2.E-01 2.E-01 -1.0E-02 U 2.SE-01 8.6E+00 9.9E-01 2.E-02 U 2.E-02 1.33E+01 8.2E-01 2.2E-01 U 2.2E-01
OB-06 J015-6 12/1/2003 0.0E+00 U 2.9E-01 7.E-02 U 2.E-01 -7.9E-02 U 2.3E-01 8.6E+00 1.1E+00 2.E-02 U 2.2-02 1.09E+01 8.52-01 2.2E-01 U 2.2E-01
08-07 J015L7 12/1/2003 4.1E-02 U 3.2E-01 9.E-02 U 2.E-01 5.02-03 U 2.4E-01 2.2E+00 1.9E-01 2.E-02 U 2.2-02 1.392+01 76E-01 2.2E-01 U 2.2E-01
OB08 J015L8 12/1/2003 6.2E-02 U 2.4E-01 1.E-01 U 2.E-01 -6.92-02 U 2.6E-01 2.4E+01 1.1E+00 1.E-02 U 1.E-02 1.06E+01 7.9E-01 2.32-01 U 2.3E-01
OB-09 J01519 12/1/2003 3.6E-02 U 2.82-01 5.E-02 U 2.E-01 -6.7E-02 U 2.7E-01 5.2E+00 1.9E-01 1.E-02 U 1.E-02 1.35E+01 8.4E-01 2.2E-01 U 2.2E-01
OB-10 J015MO 12/1/2003 0.02+00 U 2.2E-01 -1.E-02 U 2.E-01 2.OE-02 U 2.6E-01 2.3E+00 2.0E-01 2.E-02 U 2.E-02 1.06E+01 8.2E-01 2.3E-01 2.2E-01 0

CD
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Table A-3. Land Bridge Shallow Zone Cleanup Verification Data.
Sample HEIS Sample Am-241 Cs-137 Co-60 Eu-154 Eu-155 Ni-63 Pu-2391240

Point Number Date pCig QpCl/g MDA pCIg 0 MDA IpCi/g A0A MDA IpCI/g MDA

XW-1 JOOWM8 8/13/2003 -3.2E-02 U 1.2E-01 3.6E-02 U 3.6E-02 3.52-02 U 3.5E-02 1.1E-01 U 1.E-01 8.3E-02 U 8.3E-02 3.65E-01 U 2.2E+00 5.E-02 U 3.4E-01

Fo J01Y88 10/19/2004 3.12-02 U 2.3E-01 11E-Cl 6.3E-02 1.1E-01 U l.E-C1 1.7E-01 U 1.7E-01 1.4E-01 U 1.4E-01 -1.06E-01 U 3.5E+00 9.E-02 U 1.7E-01

F02 J01Y89 10/19/2004 1.E-O1 U 2.4E-01 1.3E-01 2.1E-02 2.8E-01 2.2E-02 5.9E-02 U 5.9E-02 6.4E-02 U 6.4E-02 -1.84E+00 U 3.5E+00 2.E-02 U 1.8E-01

F03 JO1Y90 10/19/2004 6.6E-02 U 2.5E-01 8.E-O1 4.5E-02 l.2E-01 4.2E-02 1.4E-01 U 1.4E-01 9.9E-02 U 9.9E-02 -3.22E+00 U 3.5E+00 -2.E-02 U 1.5E-01

Sample HEIS Sample Sr-90 Tritium Mercury Nitrate

Point Number Date pCi/g 0 MDA pCi/g Q MDA mg/kg Q POL mg/kg ( PL

XW-1 JOOWM8 8/13/2003 -3.2E-02 U 2.6E-01 -3.E-03 U 3.E-01 1.E-02 U 1.E-02 1.8E-01 U 2.E-01

F01 J01Y88 10/19/2004 -1.5E-02 U 2.9E-01 5.2-02 U 3.2-01 2.E-02 U 2.2-02 1.1E+00 2.E-01

F02 J01Y89 10/19/2004 1.4E-02 U 2.9E-01 1.2-01 U 3.E-01 2.E-02 U 2.E-02 6.9E-01 2.E-01

F03 J01Y90 10/19/2004 3.0E-01 2.5E-01 -8.E-02 U 3.E-01 2.E-02 U 2.E-02 8.3E-01 2.E-01

Table A-4. Land Bridge Deep Zone Cleanup Verification Data.
Sample HEIS Sample AI-241 Cs-137 Co-60 Eu-154 Eu-155 Ni-63

Point Number Date pCi/g 10A MDA MDAg MDA IpCilg IJIJ MDA I pj IaIMDA

XF-1 JOOWNO 8/13/2003 6.29E+02 6.1E+009.6500E+04 3.1E+01 9.460E+031 1.5E+01 9.28E+01 j2.4E+012.1E+01 jUj2.1E+01 2.370E+03 5.2E+01

Sample HEIS Sample Pu-239/240 Sr-90 Tritium Cr Cr+6 Nitrate

Point Number Date p Qj MDA pCg MDA pCig MDA mg/kg POL mg/kg PQL m/kg I PL

XF-1 JOOWNO 18/13/2003 17.E+0 I 2.6E+00I 2.150E+03 I .9E+01 -3.66E+ U 2.2E+01 9.1E+00 11 I 4.UE-01 4.E-01 1.7E+00 E-01
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APPENDIX B

DATA QUALITY ASSESSMENT

B1.1 OVERVIEW

This data quality assessment (DQA) was performed to compare the verification
sampling approach and resulting analytical data with the sampling and data quality
requirements specified by the project objectives and performance specifications
(DOE-RL 2001, 2002). The DQA completes the data life cycle (i.e., planning,
implementation, and assessment) that was initiated by the data quality objectives process.
The DQA includes the review of the field logbook information (BHI 2003, 2005) to verify
sample location, date, and time. The DQA involves the scientific and statistical
evaluation of the data to determine if they are of the right type, quality, and quantity to
support their intended use (i.e., closeout decisions [EPA 2000]).

This DQA was performed in accordance with WCH-EE-01, Environmental Investigations
Procedures. Specific data quality objectives for the site are found in the Sampling and
Analysis Plan for the 100-NR-1 Treatment, Storage, and Disposal Units During
Remediation and Closeout (SAP) (DOE-RL 2002). The DQA is based on the guidelines
presented in Guidance for Data Quality Assessment (EPA 2000). Statistical tests used
in this DQA were performed as specified in the SAP (DOE-RL 2002) and the Remedial
Design Report/Remedial Action Work Plan for the 100-NR-1 Treatment, Storage, and
Disposal Units (DOE-RL 2001).

Prior to performing statistical tests, the field logbooks (BHI 2003, 2005), sample designs
(Appendix C), and the analytical data are evaluated. A portion of the cleanup
verification data are validated for compliance with quality assurance project plan
requirements (DOE-RL 2002). Data evaluation is performed to determine if the
laboratory carried out all steps required by the SAP and the laboratory contract
governing the conduct of analysis and reporting of the data. This evaluation also
examines the available laboratory data to determine if an analyte is present or absent in
a sample and the degree of overall uncertainty associated with that determination. Data

validation is done in accordance with validation procedures (BHI 2000a, 2000b) as part
of data evaluation. After data evaluation and validation, the appropriate statistical test is
performed on the adjusted raw analytical data (see calculation briefs in Appendix C) to
determine statistical values for each contaminant.

The DQA for the 116-N-1 site determined that the data are of the right type, quality, and
quantity to support site cleanup verification decisions within specified error tolerances.
All analytical data were found to be acceptable for decision-making purposes. The
evaluation verified that the sample design was sufficient for the purpose of clean site
verification. Additional quality requirements of the quality assurance (QA) project plan
included data acquisition requirements. The cleanup verification sample analytical data
are stored in the Hanford Environmental Information System (HEIS) and are
summarized in Appendix A.
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The following subsections describe the DQA results for the 116-N-1 site, including
formal data validation, supplementary data evaluation, and field QA/quality control (QC)
program results. The statistical evaluation of the data is provided in the calculation brief
excerpts included in Appendix C.

B1.2 LABORATORY QUALITY MEASURES

All verification samples are subject to laboratory-specific QA requirements, including
instrument procurement, maintenance, calibration, and operation. Additional laboratory
requirements for internal QC checks are performed as appropriate for the analytical
method at a rate of 1 per sample delivery group (SDG), or 1 in 20, whichever is more
frequent. Laboratory internal QC checks include the following:

* Laboratory Contamination. Each analytical batch contains a laboratory (method)
blank (material of similar composition as the samples with known/minimal
contamination of the analytes of interest) carried through the complete analytical
process. The method blank is used to evaluate false-positive results in samples due
to contamination during handling at the laboratory.

* Analytical Accuracy. For most analyses, a known quantity of representative analytes
of interest (matrix spike [MS]) is added to a separate aliquot of a sample from the
analytical batch. The recovery percentage of the added MS is used to evaluate
analytical accuracy. For analyses not amenable to MS techniques (e.g., gamma
energy analysis) or where analytical recovery is corrected via internal standards
(e.g., alpha spectral analyses), accuracy is evaluated from recovery of the QC
reference sample (e.g., laboratory control spike or blank spike sample).

" Analytical Precision. Separate aliquots removed from the same sample container
(replicate samples) are analyzed for each analytical batch. The replicate sample
results (evaluated as relative percent differences [RPDs]) are used to assess
analytical precision.

" QC reference samples. A QC reference sample is prepared from an independent
standard at a concentration other than that used for calibration, but within the
calibration range. Reference samples provide an independent check on analytical
technique and methodology.

Laboratories are also subject to periodic and random assessments of the laboratory
performance, systems, and overall program. These assessments are performed by the
Washington Closure Hanford QA group to ensure that the laboratories are performing to
meet laboratory contract requirements.
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B1.3 DATA VALIDATION

After sampling was completed, all of the fixed-base laboratory data from one SDG,
K01 18, were validated by third-party validation to Level C per WCH-EE-01,
Environmental Investigations Procedures, Procedure 2.5, "Data Package Validation
Process." Level C validation procedures are specified in Data Validation Procedure for
Radiochemical Analysis (BH I 2000b) and Data Validation Procedure for Chemical
Analysis (BHI 2000a).

Under the Level C validation procedure, the following items were reviewed, as
appropriate, for each analytical method (Tech Law 2006a, 2006b, 2006c):

. Sample holding times
* Method blanks
* MS recovery
* Surrogate recovery
* MS/MS duplicate results
" Sample replicates
* Associated batch laboratory control sample results
* Data package completeness
* Achievement of required (or contractual) detection limits (RDLs).

Data flagged as estimated (i.e., "J") indicate that the associated concentration is an
estimate but that the data may be used for decision-making purposes. Data flagged as
below detection limits (i.e., "U") indicate the contaminant was analyzed for but not
detected and the concentration is below the minimum detectable activity (MDA) for
radionuclides or the practical quantitation limit (PQL) (i.e., reporting limit) for
nonradionuclides. For nonradionuclides, nondetects are reported as the PQL. For
radionuclides, nondetects report the actual value obtained from analysis (positive or
negative but less than the MDA) except for limited analyses where no value can be
calculated. In these cases, the MDA is reported. This situation is applicable for sample
results that are below detection limits. All other validated results are considered to be
accurate within the standard errors associated with the methods.

The adequacy of laboratory QA/QC was evaluated for precision, accuracy,
completeness, and target detection limits (TDLs) pursuant to the SAP (DOE-RL 2002).
In the data validation it was reported that, of the data given formal validation, the
laboratory met the standards for performance for precision (±30%), accuracy (±30%),
and completeness (>90%). Comparison of the contract required detection limit (CRDL)
(also known as the RDL) with the respective MDA or POL is discussed in Section B1.4.
The validated SDG K01 18 contains 23 samples. A summary of deficiencies noted
during validation of SDG K01 18 follows.
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B.1.3.1 Radiochemistry

The DQA noted no major deficiencies. Minor deficiencies noted during validation
include the following:

* All holding times were acceptable.

" All preparation blank results were acceptable.

" Two equipment (field) blanks (J1 OFC1, J1 OFC3) were submitted with SDG K01 18.
No contaminants of concern (COCs) were detected in the equipment blanks.

* All MS recovery results were acceptable, except for the nickel-63 result. Nickel-63
was not included in the MSs. Because of the lack of MS analysis, all nickel-63
results in SDG K0118 were qualified as estimates and flagged "J."

* All laboratory duplicate results were acceptable.

" Two sets of field duplicates samples (J10FC0/J10F94 and J1OFC2/J1OFB4) were
submitted in SDG K01 18. If both sample and replicate activities (or concentrations
in nonradiochemistry analyses) are greater than five times the CRDL and the RPD is
less than the QC limit (30%), no qualification is required. All field duplicate results
were acceptable.

* Reported analytical detection levels for undetected analytes are compared against
the RDLs to ensure that laboratory detection levels meet the required criteria.
Forty-one COCs exceeded the RDL. Under the Washington Closure Hanford
statement of work, no qualification is required. Elevated cesium-1 37 levels caused
the nondetected analyte quantitation limits to increase.

* The completion percentage was 100%. Data package completeness is based on
the percentage of data determined to be valid (i.e., not rejected).

B.1.3.2 Inorganics

The DQA noted no major deficiencies. Observations noted during validation, including
minor deficiencies, are as follows:

* All holding times were acceptable.

* All preparation blank results were acceptable.

" Two equipment (field) blanks (J10FC1, J10FC3) were submitted with SDG K01 18.
No COCs were detected in the equipment blanks.

" All MS recovery results were acceptable.
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" All laboratory duplicate results were acceptable.

* Two sets of field duplicates samples (J10FC0/J10F94 and JIOFC2/J1OFB4) were
submitted in SDG K0118. All field duplicate results were acceptable.

* Reported analytical detection levels are compared against the RDLs to ensure that
laboratory detection levels meet the required criteria. All analytes met the RDL.

" The completion percentage was 100%. Data package completeness is based on
the percentage of data determined to be valid (i.e., not rejected).

B.1.3.3 Wet Chemistry

The DQA noted no major or minor deficiencies. The following items are noted in the
validation report:

* All holding times were acceptable.

" All preparation blank results were acceptable.

" Two equipment (field) blanks (J10FC1, J10FC3) were submitted with SDG K01 18.
No analytes were detected in the equipment blanks.

" All accuracy results were acceptable.

" All laboratory duplicate results were acceptable.

* Two sets of field duplicates samples (J10FC0/J10F94 and J1OFC2/J1OFB4) were
submitted in SDG K01 18. All field duplicate results were acceptable.

* Reported analytical detection levels are compared against the required quantitation
limit to ensure that laboratory detection levels meet the required criteria. All analytes
met the required quantitation limit.

* The completion percentage was 100%. Data package completeness is based on
the percentage of data determined to be valid (i.e., not rejected).

B1.3 LABORATORY DATA EVALUATION

The formal data validation described in the previous section included evaluation of only
one SDG (SDG K0118); however, DQA is required for all SDGs. Therefore,
supplementary data evaluation was performed on the remaining SDGs. The following
paragraphs include the results of the data evaluation of all SDGs.

To ensure adequate data quality, DQA investigators reviewed the objectives in the SAP
(DOE-RL 2002) to determine the context for assessing the data. The context for
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assessing the data includes evaluating the sample data using the statistical
methodology of the SAP (included in the calculation brief excerpts in Appendix C) and a
comparison of analytical results to the PARCC (precision, accuracy, representativeness,
completeness, and comparability) parameters as specified in the SAP (DOE-RL 2002).
This section summarizes the results of the PARCC parameter comparison and presents
an evaluation of the affected data.

RDL Comparison: Reported analytical detection levels were compared to the RDLs
(also referred to as CRDLs). When detected results are obtained, evaluation of
detection limits is not performed. The data validation and supplemental data
evaluation noted any analyses in which the detection limit (MDA or PQL) was above
the RDLs for nondetected analytes.

The reported MDA or PQL was above the RDL for the following COCs:

- Americium-241: 0 of 25 nondetect results
- Cesium-1 37: 0 of 8 nondetect results
- Cobalt-60: 6 of 18 nondetect results
- Europium-154: 30 of 35 nondetect results
- Europium-155: 33 of 43 nondetect results
- Nickel-63: 0 of 27 nondetect results
- Plutonium-239/240: 0 of 24 nondetect results
- Strontium-90: 0 of 19 nondetect results
- Nitrate: 0 of 3 nondetect results
- Mercury: 0 of 22 nondetect results.
- Total chromium: 0 of 0 nondetect results
- Hexavalent chromium: 0 of 15 nondetect results

The elevated MDAs observed for cobalt-60, europium-1 54, and europium-1 55 were the
result of "dead time" in the detection method caused by elevated levels of cesium-1 37
that lowered the analytical sensitivity to these analytes.

Because all of the reported values for the MDAs and the PQLs for the nondetects for
these COCs were less than the applicable remedial action goals (RAGs), the associated
data are of sufficient quality for decision-making purposes (DOE-RL 2002).

All other nondetected analyses of COCs had detection limits below the RDL.

Precision and Accuracy Evaluation: Analytical accuracy and precision were evaluated
by examination of the percent recovery and RPD between the main and duplicate
samples, between the main and split samples, and between the main and the
Washington State Department of Ecology (Ecology) split samples. Only the COCs
detected at five times the detection limit (or greater) are used for data analysis with
regards to accuracy and precision. The calculation of RPDs is included in the 95%
upper confidence limit calculation briefs presented in Appendix C.
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The RPDs for laboratory duplicates were within acceptable limits for all COCs.

The RPD for the laboratory splits were within acceptable limits for all COCs, except as
follows:

* For the crib shallow zone analysis of the split samples, nitrate had an RPD of 56.8%.
* For the trench deep zone analysis of the split samples, strontium had an RPD of

35.7%.
* For the overburden (shallow zone) analysis of the split samples, total chromium had

an RPD of 37.3%.

The RPD for the Ecology splits were within the acceptable limits for all COCs, except as
follows:

* For the trench shallow zone analysis of the split samples, nitrate had an RPD of
60.6%.

* For the crib deep zone analysis of the split samples, strontium-90 had an RPD of
69.1%.

" For the trench deep zone analysis of the split samples, strontium-90, chromium
(total), and nitrate had RPDs of 43.4%, 44.1%, and 90.7% respectively.

Also for americium-241 the laboratories generally use two analytical methods. The two
methods include gamma spectroscopy identified in HEIS with the "GAMMAGS"
method name and an americium isotopic method identified in HEIS with the
"AMCMISOIE_PLATE AEA" method name. When an americium-241 analysis is
requested for a site in conjunction with a gamma-emitting radionuclide analysis, results
from both methods are provided by the laboratory for americium-241. Both methods are
equally suitable for analysis of americium-241. The results of the isotopic americium
method were used for cleanup verification. Results from both methods are consistent
and indicate very low levels of americium-241.

B1.4 FIELD QA/QC

Field QA/QC measures were used to assess potential sources of error and cross-
contamination of soil samples that could bias results. Field QA/QC samples are
summarized in Table B-1. All main and QA/QC sample results are presented in
Appendix A.
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Samples.

Main Equipment
Sample Area Sample Blank Duplicate Split Ecology Split

Crib shallow zone J10F94 J10FC1 J10FC0 J10FC4 NA
J1OF91 NA NA NA WDOE-SZC-02
J10F93 NA NA NA WDOE-SZC-04

J1OF96 NA NA NA WDOE-SZC-07

Trench shallow zone J10FB4 J10FC3 J10FC2 J10FC5 NA
J10FB0 NA NA NA WDOE-SZT-01

J10FB3 NA NA NA WDOE-SZT-04

J10FB6 NA NA NA WDOE-SZT-07

Crib deep zone J10FD4 NA J10FC8 J10FHO WDOE-DZC-05
J1OFDO NA NA NA WDOE-DZC-01

J10FD9 NA NA NA WDOE-DZC-10

Trench deep zone J10FF4 NA J10FC9 J10FH1 NA
J10FF1 NA NA NA WDOE-DZT-02
J10FF6 NA NA NA WDOE-DZT-07

J10FF9 NA NA NA WDOE-DZT-10

Land bridge shallow JOOWM8 NA NA NA N1T-XW-1
zone J01Y88 NA NA NA WDOE-CSA-F01

J01Y89 NA NA NA WDOE-CSA-F02

J01Y90 NA NA NA WDOE-CSA-F03

Land bridge deep zone JOOWNO NA NA NA NA

Overburden J015L1 NA J015M1 J015M3 N1-OB-01

J015L2 NA NA NA N1-OB-02

J015L3 NA NA NA N1-OB-03

J015L4 NA NA NA N1-OB-04

J015L5 NA NA NA N1-OB-05

J015L6 NA NA NA N1-OB-06

J015L7 NA NA NA N1-OB-07

J105L8 NA NA NA N1-OB-08

J105L9 NA NA NA N1-OB-09

J105MO NA NA NA Nl-OB-10

Ecology = Washington State Department of Ecology
NA = not applicable
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B1.5.1 Equipment Blank Samples

Equipment blank samples were collected as part of the QA/QC measures for the
116-N-1 Crib, trench, land bridge and overburden. The blank sample results for this site
were less than detection for all COCs.

B1.5.2 Field Duplicate Samples

Duplicate samples were collected to provide a relative measure of the degree of local
heterogeneity in the sampling medium, unlike laboratory duplicates that are used to
evaluate precision in the analytical process. The field duplicates are evaluated by
computing the RPD of the duplicate samples for each COC. Only analytes with values
above five times the TDLs for both the main and duplicate samples are compared.

For field duplicate samples (J1OFCO, J1OFC8, J1OFC2, J10FC9 and J015M1), none of
the RPDs were greater than the control limit of 30%.

B1.5.3 Field Split Samples

Split samples were collected to provide a relative measure of the degree of variability in
the sampling, sample handling, and analytical techniques used by commercial
laboratories. The field main and split samples are evaluated by computing the RPD of
the split samples for each COC to determine the usability of the verification data. The
U.S. Environmental Protection Agency Contract Laboratory Program duplicate sample
comparison methodology, USEPA Contract Laboratory Program National Functional
Guidelines for Inorganic Data Review (EPA 1994), is used as an initial test of the data
from the splits. The calculation of RPDs was made for analytes with determined
concentrations above five times the TDLs or CRDL for both the main and split sample.
Where the calculation of RPDs was not appropriate, the data has been evaluated and
will be commented on in the following sections as needed.

For field split samples (JI OFHO, J10FH1, J1 OFC4, J1 OFC5, and J01 5M1) two of the
RPDs were greater than the control limit of +/-30%. J10FC4 exceeded this limit for
nitrate in the crib shallow zone. J10FH1 exceeded the limit for strontium-90 for the
trench deep zone. All other split RPDs were within the +/-30% range.

Field QA/QC sample results tend to suggest a degree of heterogeneity. Even
distribution of the contaminants throughout the matrix is not likely to occur in nature and
is difficult to achieve in prepared standard materials. Difficulty in producing truly
homogeneous mixtures of soils is well known, and the lack of homogenous samples
often times results in high RPDs. It is likely that more essentially inert material (e.g.,
larger size rocks or cobble) was present in one sample. As all values for nitrate were
significantly below the RAGs by a larger amount than the potential heterogeneity in the
samples, this does not effect the useability of the data. The RPD (35.7%) for strontium-
90 was only slightly above 30% as is to be expected with the higher residual levels of
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this COC in the deep zone. The 95% upper confidence limit value for strontium-90 in
the deep zone is acceptable for the intended use of the data.

B1.5.4 Regulator Split Samples

In addition to the field split samples described above, Ecology split samples were
collected for the 116-N-1 crib, trench, land bridge, and overburden.

The crib had Ecology splits for samples J1OF91, J10F93, J10F96, J1OFD4, J1OFDO,
and J10FD9. They were WDOE-SZC-02, WDOE-SZC-04, WDOE-SCZ-07, WDOE-
DZC-05, WDOE-DZC-01, and WDOE-DZC-10, respectively.

The trench had Ecology splits for samples J1OFBO, J1OFB3, J1OFB6, J1OFF1, J1OFF6,
and J1OFF9. They were WDOE-SZT-01, WDOE-SZT-04, WDOE-SZT-07, WDOE-DZT-
02, WDOE-DZT-07, and WDOE-DZT-10, respectively.

The land bridge had Ecology splits for samples JOOWM8, J01Y88, J01Y89, and J01J90.
They were N1T-XW-1, WDOE-CSA-FO1, WDOE-CSA-F02, and WDOE-CSA-F03,
respectively.

The overburden had Ecology splits for samples J015L1, J015L2, J015L3, J015L4,
J015L5, J015L6, J015L7, J015L8, J015L9, and J015MO. They were N1-OB-01, N1-OB-
02, N1-OB-03, N1-OB-04, N1-OB-05, N1-OB-06, N1-OB-07, N1-OB-08, N1-OB-09, and
N1-OB-110, respectively.

The U.S. Environmental Protection Agency Contract Laboratory Program duplicate
sample comparison methodology, USEPA Contract Laboratory Program National
Functional Guidelines for Inorganic Data Review (EPA 1994), is used as an initial test of
the data from the splits. Three criteria are described in these guidelines:

1. If both main and split results are below detection, no further analysis is required.

2. If both main and split results are greater than five times the TDL, the RPD was
computed. This RPD is compared to +/-35%. Where the calculation of RPDs was
not appropriate, the data has been evaluated and commented on as needed.

3. If either the main or split result is greater than five times the TDL, then the difference
is computed. This difference is compared to two times the TDL.

For Ecology splits, five of the RPDs were greater than the control of +/-35%:

* WDOE-DZC-10 and WDOE-DZT-07 exceeded the RPD for strontium-90 in the crib
deep zone and the trench deep zone, respectively. The RPDs for strontium-90 for
the other 10 Ecology split samples were acceptable.
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" WDOE-DZT-10 exceeded the RPD for chromium in the trench deep zone.

* WDOE-SZT-07 and WDOE-DZT-10 exceeded the RPD for nitrate in the trench
shallow zone and trench deep zone, respectively. The RPDs for nitrate for the other
10 Ecology splits samples were acceptable.

Field QA/QC sample results tend to suggest a degree of heterogeneity. Even
distribution of the contaminants throughout the matrix is not likely to occur in nature and
is difficult to achieve in prepared standard materials. Difficulty in producing truly
homogeneous mixtures of soils is well known, and the lack of homogenous samples
often times results in high RPDs. It is likely that more essentially inert material (e.g.,
larger size rocks or cobble) was present in one sample. As all values for nitrate were
significantly below the RAGs by a larger amount than the potential heterogeneity in the
samples, this does not effect the usability of the data. The RPDs for these two samples
(43.4% and 69.1%) for strontium-90 are to be expected with the higher residual levels of
this COC in the deep zone. The 95% upper confidence limit value for strontium-90 in
the deep zone is acceptable for the intended use of the data. The RPDs for chromium
were only exceeded in 1 sample (44.1%), and the other 11 sample RPDs were
acceptable for chromium. Considering the heterogeneity of the sample, this single RPD
exceeding the criteria does not effect the useability of the data.

B1.6 SUITABILITY OF DATA

The conclusion of the DQA is that the data are of the right type, quality, and quantity to
support the intended use. Detection limits, precision, accuracy, and SDG completeness
were analyzed to determine if any analytical results should be rejected as a result of
QA/QC deficiencies. All COC analytical data were found to be acceptable for decision-
making purposes, and the raw data are acceptable for calculating the required statistical
values.
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APPENDIX C

RESRAD INPUT PARAMETERS AND
CALCULATION BRIEF EXCERPTS
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RESRAD INPUT PARAMETERS FOR THE
116-N-1 COMBINED CRIB AND TRENCH

SHALLOW ZONE
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1RESUD, Version 6.30 T% Limit - 0.5 year 02/23/2006 13:41 Page 2
SUMMary : 116-N-1 AESRAD Evatuation of ClMbined Crib and Trench
File : 116-N-I.RSRA ShallowZone.RAD

Dose Conwersion Factor (and Related) Parameter Summary
File: 8EAST 2001 Morbidity0 Current ' $ Prater

Parameter Value - Default I Name
AAAXAAAAXUAA A AAAMAAA zUAn AXMAAA A AAAAAAAOA UXAA XMUAAM
B-I Dose conversion factors for inhalation, mrlpCi I I
B-I $ AC-227+0 * 6.720E+00 I 6.720E+00 I DCF2( 1)B-I A-241 ' 4.440E-01 4.440E-01 DCF2( 2)B-1 ' Co-60 ' 2.190E-04 2.191E-04 DCF2( 3)
B-1 Cs-137+0 ' 3190E-05 3.190E-05 DCF2( 4)B-1i Eu-154 ' 2.860E-04 ' 2.860E-04 S DCF2( 5)B-1 Eu-155 ' 4.140E-05 4.1401-05 ' DCF2( 6)B-1 1i-63 6.290E-06 6.290E-06 DCF2( 7)B-1 Np-237+D 5.400E-01 5.400E-01 DCF2( 8)
B-1 * Pa-231 1.2E+00 I 1.280E+00 ' DCF2( 9)
B-1 Pu-239 ' 4.290E-01 - 4.290E-01 I 0CF2(10)
B-1 ' Pu-240 4.290E-01 3 4.290E-01 I OCFCII)
B-1i Ra-228+O 5.080E-03 I 5.080E-03 0CF2(12)
B-1 I Sr-90+D 1.310E-03 I 1.310E-03 ' 0CF2C13)B-1 Th-228+0 3.450E-01 I 3.450E-01 DCF2(14)B-1 Th-229+0 2.160E+00 I 2.160E+00 a DCF2(15)B-1 Th-232 1.640E+00 ' 1.640E+00 ' DCF2(16)8-1 1 U-233 1.350e-01 1.350E-01 DCF2(17)B-1 ' U-235+0 ' 1.230E-01 1.230E-01 DCF2(18)
B-1 U-236 1.250E-01 1.250E-01 DCF2(19)

0-1 Dose conversion factors for ingestion, rem/Fpci:
D-I Ac-227+0 1.480E-02 ' 1.480E-02 DCF3( 1)
D-i Ax-241 3.640E-03 3.640E-03 0CF3( 2)0-1 Co-60 2.690E-05 ' 2.690E-05 I DCF3( 3)
b-1 ' Cs-137+D 5.DOOE-05 - 5.000E-05 x OCF3( 4)
0-1 I Eu-154 9.550E-06 3 9.550E-06 ' 0CF3( 5)
f-1 ' Eu-155 1.530E-06 - 1.530E-06 ' 0CF3( 6)
D-I * Mi-63 * 5.770E-07 5.770E-07 $ DCF3( 7)D-I Np-237+D ' 4.40E-03 4.40E-03 ' 0CF3( 8)
D-I ' Pa-231 1.06DE-02 I 1.060E-02 ' 0CF3( 9)0-1 * Pu-239 3.540E-03 - 3.540E-03 - DCF3(10)D-I ' Pu-240 * 3.540E-03 - 3.540E-03 I DCF3(11)D-I ' Ra-22840 1.440E-03 I 1.440E-03 I DCF3(12)0-1i Sr-90+0 ' 1.530E-04 ' 1.530E-04 -DCF3(13)0-1 ' Th-228+ ' 8.080E-04 80E-04 -DCF3(i4)
D-1 Th-229-0 ' 4.030E-03 ' 4.030E-03 DCF3(15)0-1 Th-232 2.730E-03 ' 2.730E-03 DCF3(16)
U-1 U-233 2.890E-04 ' 2.890E-04 DCF3(17)D-i ' U-235+D 2.670E-04 2.670E-04 DCF3(18)0-1 U-236 2.690E-04 I 2.690E-04 3 DCF3(19)

0-34 a Food tranfer factors: a a
0-34 A A-227+0 , plant/soit concentration ratio, dimensionless 2.500E-03 - 2.500E-03 RTF( 1,1)
0-34 ' Ac-227+ . beef/lfvestock-intake ratio, (pCI/kg)/(pCi/d) ' 2.000E-05 - 2.000E-05 - RTf( 1,2)0-34 Ac-227+0 , milk/livestock-intake ratio, (rCi/L)/CpCi/d) 2SAE-05 2.000E-05 RTF( 1,3)
0-34 1
0-34 Am-241 , plant/soit concentration ratio, dimeumionless 1.000E-03 - 1.000E-03 I RTF( 2,1)
0-34 a Am-241 , beef/livestock-intake ratio, (pCl/kg)/(pCi/d) 5.000E-05 I 5.000E-S RTF( 2,2)
D-34 Am-241 , milk/tlivestock-intake ratio, (pCi/L)/(pCI/d) ' 2.000E-06 a 2.000E-06 RTF( 2,3)
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Summary : 116-N-1 RESRAD Evaluation of Combined Crib and Trench
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Dose Conversion Factor (and Rotated) Parameter Sumwrery (continued)
File: HEAST 2001 orbidity

0 ' Current ' Parameter
Menu ' Parameter ' Value ' Default Name
AAAAAAAAAA AAAAAMAU AUAX AAAAAMAAAAAAAAMAAI UAAAAU AAAAAAUAAUUA AAAAAA
0-34 ' Co-60 , plant/soil concentration ratio, dimensionless I 8.000E-02 I 000E-02 - RTF( 3,1)
0-34 ' Co-60 , beef/livestock-intake ratio, (pCl/kg)/(pCi/d) I 2.000E-02 3 2.000E-02 I RTF( 3,2)
0-34 3 Co-60 , milk/tivestock-intake ratio, (pCi/L)/(pCI/d) I 2.000E-03 ' 2.000E-03 ' RTF( 3,3)
0-34 1
D-34 ' Cs-137+D , plant/soil concentration ratio, dimensionless ' 4.000E-02 4.000E-02 RTF( 4,1)
0-34 * Cs-137+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) ' 3.000E-02 ' 3.000E-02 RTF( 4,2)
0-34 ' Cs-137+0 , miLk/livestock-intake ratio, (PCi/L)/(pCi/d) 8.000E-03 ' 8.000E-03 ' RTF( 4,3)
D-34
0-34 ' Eu-154 , plant/soit concentration ratio, dimensionLess ' 2.500E-03 ' 2.500E-03 RTF( 5,1)
0-34 ' Eu-154 , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) ' 2.000E-03 2.000E-03 ' RTF( 5,2)
D-34 * Eu-154 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2 ,000E-05 2.00E-05 $ RTF( 5,3)
D-34 ' 3 3

0-34 '1Eu-155 , plant/soil concentration ratio, dimensionless ' 2.500E-03 ' 2.500E-03 I RTF( 6,1)
D-34 * Eu-155 , beef/livestock-Intake ratio, (pC/kg)/(pCi/d) I 2.000E-03 3 2.000E-03 ' RTF( 6,2)
0-34 ' Eu-155 , iik/tivestock-intake ratio, (Ci/L)/(pCi/d) I 2.000E-05 ' 2.000E-05 RTF( 6,3)
D-34I
D-34 ' i-63 , plant/soit concentration ratio, dimensionLess ' 5.000E-02 ' 5.000E-02 RTF( 7,1)
D-34 Ni-63 , beef/livestock-Intake ratio, (pCi/kg)/(pCi/d) ' 5.000E-03 ' 5.000E-03 ' RTF( 7,2)
D-34 ' 1i-63 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) ' 2.000E-02 2.000E-02 ' RTF( 7,3)
D-34 I 3

D-34 INp-237+D , plant/soIl concentration ratio, dimensionless ' 2.000E-02 ' 2.000E-02 RTF( 8,1)
D-34 Np-237+0 , beef/livestock-intake ratio, CpCi/kg)/(pCi/d) t.OOOE-03 I 1.000E-03 3 RTF( 8,2)
D-34 ' Np-237+ , milk/livestock-intake ratio, (pCi/L)/(pCi/d) ' 5.000E-06 ' 5.000E-06 RTF( 8,3)
0-34
0-34 ' Pa-231 , pLant/soit concentration ratio, dimensiontess ' 1.000E-02 ' 1.000E-02 ' RTF( 9,1)
0-34 ' Pa-231 , beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) I 5.000e-03 3 5.000E-03 I RTF( 9,2)
0-34 ' Pa-231 , miLk/livestock-intake ratio, (pCi/L)/(pCi/d) I 5.000E-06 ' 5.000E-06 ' RTF( 9,3)
D-34 3

0-34 Pu-239 , plant/soit concentration ratio, dimensionless ' 1.000E-03 ' 1.000E-03 ' RTF(10,1)
0-34 Pu-239 , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) ' 1.000E-04 ' 1.000E-04 ' RTF(10,2)
0-34 Pu-239 , milk/Livestock-intake ratio, (pCi/L)/(pCi/d) $ 1.000E-06 t.000E-06 RTF(0,3)
0-34A
D-34 s Pu-240 , pLant/soiL concentration ratio, dimensiontess ' 1.000E-03 ' 1.000E-03 ' RTFC11,1)
D-34 ' Pu-240 , beef/livestock-intake ratio, (pCi/kg)/(pcI/d) ' 1.000E-04 ' 1.000E-04 I RTF(11,2)
D-34 Pu-240 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) ' 1.000E-06 ' 1.000E-06 RTF(11,3)
D-34 I
D-34 * Re-228+0 , plant/soit concentration ratio, dimensionless ' 4.00E-02 4.000E-02 I RTF(12,1)
0-34 Ra-228+D , beef/livestock-intake ratio, (pC/kg)/(pCi/d) ' 1.000E-03 ' 1.000E-03 ' RTF(12,2)
D-34 ' Ra-228+D , miLk/Livestock-intake ratio, (pCi/L)/(pCi/d) ' 1.000E-03 t.000E-03 ' RTFC12,3)
D-34 3
D-34 ' Sr-90+0 , plant/soit concentration ratio, dimensiontess 3.000E-01 3.00E-01 RTF(13,l)
0-34 ' Sr-90+D , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) ' 8.000E-03 8.000E-03 $ RTF(13,2)
D-34 Sr-90+0 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) ' 2.000E-03 ' 2.000E-03 ' RTF(13,3)
0-34 3

0-34 ' Th-228+0 , planttsoit concentration ratio, dimensionless 1.000E-03 ' 1.000E-03 fRTF(14,1)
D-34 ' Th-228+D , beef/livestock-intake ratio, (pCi/kg)/CpCI/d) 1.000E-04 1.000E-04 ' RTFCI4,2)
D-34 ' Th-228+0 , milk/Livestock-intake ratio, (pCi/L)/(pCi/d) S.000E-06 5.000E-06 ' RTF(14,3)

3-34
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Dose Conversion Factor (and Related) Parameter Sumary (continued)

0 File: HEAST 2001 Morbidity Current I I Parameter
Menu Parameter ' Value - Default W aekIlII1XXEE1111XflhiEflfiEKIx taz azxxxizazruxuna, 5155511 5 u........2 gs.......v.......nv.I......

* Th-2290 , plant/soil concentration ratio, dlnwionless
Th-229+0 , beef/lIvstock-intke ratio, (pCi/kg)/(pCi/d)
Th-229+ , milk/livestock-intak. ratio, (pCi/L)/(pCi/d)

Th-232 , plant/soit concentration ratio, dimensionless
Th-232 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
Th-232 , milk/lIvestock-intake ratio, (pCi/L)/(pCi/d)

U-233 , plant/soit concentration ratio, dimeftionless
U-233 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
U-233 mik/livestock-intake ratio, (pCi/L)/(pCiJd)

U-235+0 plant/soil concentration ratio, dimrnsionless
U-235+0 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
U-235+D , mitk/ltivestock-Intake ratio, (pCi/L)/(pCi/d)

U-236 , plant/soil concentration ratio, dimxenionless
U-236 , beef/tlivestock-intake ratio, (pCi/kS)/(pCi/d)
U-236 miltk/livestock-intake ratio, (pCi/L)/(pCi/d)

Bimocaumulation factors, fresh water, L/kg:
Ac-227+0 fish
Ac-227+0 , crustacea and mollusks

, fish
crlataces ard mollusks

,fish
, crustace and m leusks

Cs-137+0 , fish
Cs-137+D , crustacn and mollusks

Eu-154 , fish
Eu-154 , crustaoes and mollusks

Eu-155 , fish
Eu-155 , crustecen and mollusks

Mi-63 , fish
*i-63 crustacea and mollusks

Np-237+0 fish
Mp-237+0 , crustacea and mollusks

Pa-231 , fish
Pa-231 , crustacea and mollusks

Pu-239 , fish
Pu-239 , crustacea and mollusk%

1.000E-03
1.000E-04
5.000E-06

.000E-03
1.000E-04
5.000E-06

2.500E-03
3.400E-04
6.000E-04

2.500E-03
3.400E-04
6.000E-04

1.000E-03
1.000E-04
5.000E-06

1.000E-03
1.000E-04
5.000E-06

2.500E-03
3.400E-04
6.000E-04

2.500E-03
3.400E-04
6.000E-04

2.500E-03 1 2.500E-03
3.400E-04 I 3.400E-04
6.000E-04 6.000E-04

1.500E+01
1.OOOE+03

3.000E+01
I.OOOE+03

RTF(5,1)
RTFCIS,2)
RTF(15,3)

RTF(16,1)
RTF(16,2)
RTF(16,3)

RTF(17,1)
RTF(17,2)
RTF(17,3)

RTF(18,1)
RTF(18,2)
RTF(18,3)

RTF(19,1)
RTF(19,2)
RTF(19,3)

1.500E+01 BIOFAC( 1,1)
1.000E+03 BIOFAC( 1,2)

3.000E+01 BIOFAC( 2,1)
1.000E+03 BIOFAC( 2,2)

* 3.000E+02 ' 3.000E+02
2.000E+02 I 2.000E+02

* 2.000E+03 I 2.000E+03
1.000E+02 I 1.000E+02

5.000E+01 ' 5.000E+01
1.000E+03 1.000E+03

5.000E+01 5.000E+01
1.000E+03 t.000E+03

* 1.000E+02 $ .000E+02
1.000E+02 .000E+02 I

3.000E+01 3.000E+01
4.000E+02 4.000E+02

1.000E+01
1.100E+02

3.00+01
1.000E+02

1.00E+01.
1.100E+02

3.000E+01
.000E+02

BIOFAC(
BIOFAC(

BIOFAC(
SIOFAC(

BIOFACC
BIOFACC

BIOFAC
BIOFAC(

SIOFAC(
BRIFAC(

BIOFAC(
BIOFACC

BIDFAC(
BIOFAC(

3,1)
3.2)

4,1)
4.2)

5,1)
5,2)

6,1)
6,2)

7,1)
7,2)

8.1)
8,2)

9,1)
9,2)

B10FAC(10,1)
810FACI0O,2)

C-6
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Dose Conversion Factor (and Related) Parameter Summary (continued)
File: HEAST 2001 Morbidity

0 ' Current 1 3 Parsester
Menu a Paraweter 3 Value I Default I Mase
AAAAAAAAWMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAUAAAAAAAAAAAAUAAAAA11"EAA" AAAA
0-5 ' Pu-240 , fish 3.000E41 I 3.GOOE+01 I SIOFACC11,1)
D-5 ' Pu-240 , crustaces and mollusks I 1.OOE+02 - 1.000E+02 BIOFAC(11,2)
0-5
D-5 - Ra-228+0 , fish I 5.000E+01 I 5.000E+01 ' SIOFAC(12,1)
0-5 ' Re-228+D , crustaces and motusks I 2.500E+02 - 2.500E+02 ' BIOFAC(12,2)
D-5 3 1 1
0-5 1 Sr-90+D , fish - 6.000E+01 * 6.000E+01 ' BIOFAC(13,1)
0-5 3 Sr-90+D , crustaces and moLlusks I 1.000E+02 I 1.ODOE+02 ' B10FACC13,2)
D-5 3 1
D-5 I Th-228+0 , fish 1.000E+02 I 1.000E+02 BIOFAC(14,1>
0-5 3 Th-228+0 , crustacea and mollusks I 5.000E+02 3 5.000E+02 BIOFAC(14,2)
0-5 3 3 5

D-5 ' Th-229+0 fish 1.OOOE+02 I 1.00E+02 BIOFAC(15,1)
D-5 * Th-229+D , crustacea and mollusks 5.000E+02 ' 5.000E+02 ' lOPfAC(15,2)
D-5 I 3 5

D-5 ' Th-232 , fish 1.000E+02 1.000E+02 3 BIOFAC(16,1)
0-5 ' Th-232 , crustacea and moLusks 5.000E+02 ' 5.000E+02 I BIOFAC(16,2)
D-5 ' 5 3

0-5 U-233 , fish ' 1.000E+01 1.000E+01 BIOFAC(17,1)
D-5 3 U-233 , crustacea and moltusks 6.000E+01 ' 6.000E+01 ' BIOFACC17,2)
D-5 I 3 3
D-5 3 U-235+D , fish 1.0001+01 ' 1.OOOE+01 SI0FACC18.1)
D-5 ' U-235+D , crustacea and mollusks 3 6.000E+01 I 6.000E+01 ' BIOFAC(18,2)
0-5 a
D-5 U-236 , fish 1.OOE+01 3 1.000E+01 ' BIOFAC(19,1)
0-5 U-236 crustacee and mollusks 6.000E+01 I 6.000E+01 BIOFAC(19,2)
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Site-Specific Parameter Summary
0 ' ' User ' Used by RESRAD ParameterMenu I Parameter I Input % Default I (If different from user input) I Name

AA AAAAAAAA AAW hUAEA U KM MtAAAAAAAAAAAAAAJAAAAJAA AAAAAAAAAAAAAAAAAAAAAAAAA
R011 I Area of contaminated zone (C 2) 3.601E+04 ' 1.000.04 -I AREARoll 3 Thickness of contaminated zone (a) 1 4.600E+00 ' 2.000E+00 I I THICKO
R011 ' Length parallel to aquifer fLow (m) - 1.200E+02 1.OOOE+02 ' - LC2PAM
R011 Basic radiation dose Limit (mrem/yr) 31,500E+01 ' 2.500E+01 -- BRDLR01 ' Time since placement of material Cyr) 0.000E+00 0.000-E+00 - ' TIRCll I rims for calculations (yr) ' 1.000E+00 1.000E.00 --- T( 2)ROll I Times for calculations Cyr) I 3.000E+00 ' 3.000E+00 I T( 3)
R011 Times for calculations Cyr) 1 7.0001+00 ' 1.000E+01 T 7( 4)
Roll ' Times for calculations (yr) ' 1.200E+01 ' 3.000E+01 - T( 5)
ROll ' Times for calculations Cyr) 3.000E+01 I 1.000E+02 .T 6)ROll - Times for calculation. (yr) 1.O00.E+02 I 3.000E+02 I --- TC ?)ROl1 l Times for calculations (yr) ' 1.460E+02 ' 1.000E+03 I--T( 8)R01 I Times for calculations (yr) I 3.000E+02 I 0.000E+00 T( 9)
R01lI Times for calcuLations (yr) * 1.000E-03 0.000E+00 - T(O)

R012 - Initial principal radionuctide (pCi/u): AN-241 ' 5.500E-01 0.000E+00 'Si 2)R012 - InitiaL principal radionuclide (pCi/g): Co-60 1.210E-01 ' 0.000E+00 s --- SIC 3)
R012 3 Initial principal radionucLide (pCi/0): Cs-137 ' 3.600E-01 I 0.000E+00 - Sic 4)R012 3 Initial principal radionucLide (pCI/g): Sr-90 ' 1.800E-01 I 0.000E+00 -- 1(13)R012 3 Concentration in grouidwater (pCi/L)± Am-241 ' not used - 0.000E+00 Wi( 2)R012 I Concentration in groundwater (pCi/L): Co-60 ' not used 3 0.000E+00 I W( 3)
R012 I Concentration in grotndwater (pCi/L): Cs-137 not used - 0.000E+00 I W( 4)
R012 I Concentration in groundwater (pCi/L): Sr-90 not used ' 0.000E+00 1 3 WI(13)

R013 Cover depth (m) ' 0.0001+00 1 0.000E+00 --- COVEROR13 3 Density of cover materiatl (g/ct3) ' not used ' 1.500E+00 I - DENSCV
R013 I Cover depth erosion rate (m/yr) not used ' 1.000E-03 I VCV
R013 3 Density of contaminated zone (g/ca3) I 2.000E+00 3 1.500E400 ' I DENSCZR013 3 Contaminated zone erosion rate (vVyr) 1.00E-03 ' 1.000E-03 1 VCZR013 Contaminated Zone total porosity ' 3.00E-01 4.000E-01 - TPC
R013 3 Contaminated zone field capacity 2.500E-01 ' 2.000E-01 I-- 3 FCCZR013 Contaminated zone hydraulic condictivity Cm/yr) ' 2.500E+02 ' 1.000E+01 I- CCZR013 Contaminated Xone b parameter ' 4.050E+00 ' 5.300E+00 - BCZ
R013 Average tnnual mind speed (m/sc) ' 3.400E.00 ' 2.000E+00 * ' WIND2013 Humidity in air (g/t*3) ' not used 8.000E+00 I -- ' MII2013 ' Evapotranspiration coefficient ' 9.100E-01 5.000E-01 I --- ' EVAPTRR013 Precipitation C/yr) 1.600E-01 1.000.E+00 - PRECIP2013 ' Irrigation (m/yr) ' 7.600E-01 ' 2.000E-01 * --- IfR013 I irrigation made ' overhead S overhead ' -- ' MITCHR013 3 Runoff coefficient 2.OOOE-01 2.000E-01 --- ' RUNOFFR013 ' Watershed area for nearby stream or pond (M"2) I 1.000E+06 I 1.000E+06 --- WAXEAR013 Accuracy for water/soil conputations m 1.0001-03 1 l.000E-03 -- EPS

R014 I Density of saturated zone (g/cm
4 3) ' 2.000E+00 O1.500E+ 3 -- DENSAO

R014 3 Saturated zone total porosity ' 3.0E-01 4.000E-01 TPSZR014 1 Saturated zone effective porosity ' 2.500E-01 3 2.000E-01 EPSZR014 1 Saturated zone field capacity ' 2.000E-01 ' 2.000E-01 * --- FCSZ
R014 - Saturated zone hydraulic conductivity (m/yr) ' 5.530E+03 ' 1.00ME.02 3 - HCZR014 4 Saturated zona hydraulic gradient 1.250E-03 ' 2.000E-02 ' -- HGWTR014 ' Saturated zone b parameter not used 5.300E+00 3 -- BSZ

C-8



CVP-2006-00004
Rev. 0
For Approval

IRESRAD, Version 6.30 T Limit - 0.5 year 02/23/2006 13:41 Page 7
Susaary, 116-N-1 RESRAO EvaLuation of Combined Crib and Trench
File 116-S-1_RESIA Sha Zone.RAO

Site-Specific Parujyter Smsary (continued)
0 ' User I I Used by RESRAD Parsheter
Menu Paraoeter I Input J Default I (If different from user input) ' Nae

AAAAAUAAAUAMAAAGAMMAAAAMAAAUAAAAMMAhAAAAAAMMAMUAAUMAAAAMUAAAMAAAAAMAWAA
R014 3 Water table drop rate (aVyr) I 0.000E+00 - 1.000E-03 W -- W
1014 J Well pulp intake depth (M beto* "ater table) I 4.600E+00 $ 1.0DOE+0I D-I-WT
R014 Model: ondispersion (IND) or Mass-balance (MB) T ND , ND -- DEL
R014 I Well pulping rate (r*3/yr) 2.500E+02 ' 2.500E+02 L UW

R015' Nuber of unsaturated tone strata '1 , I NS
4015 Ueast. zone 1, thickness (m) 3 1.7901E+01 ' 4.OOOE+00 H(1)
R015 iUnset. taone 1, soil density (g/c,3) ' 2.000E+00 ' 1.500E+00 DESUZ(1)
R015 Unsat. zone 1, total porosity ' 3.0006-01 $ 4.000E-01 ' --- ' TPUzil)
R015 unsat. zone 1, effective porosity 2.500E-01 I 2.00OE-01 ' - EPUZ(I)
R015 I Unsat. zont 1, field capacity * 2.500E-01 - 2.000E-01 ' - FCJZ()
R015 t Unat. zone I, soil-specific b parameter 4.050E+00 ' 5.300E+00 ' 512(1)
R015 Unset. tone 1, hydraulic conductivity (M/yr) 2.500E+02 ' 1.000E+01 -- H-U2(1)

R016 5 Distribution coefficients for Am-241 S

R016 I Contasinated zone (ct3/g) 2.001+02 I 2.000E+01 0CNUCC( 2)
R016 I Unsaturated zone I (cm*t3/g) 2.000E+02 2.000E+01 .- * DCNUCU( 2,1)
RO16 Saturated tone (cst3/g) 2.000E+02 2.000E+01 - ' OCMUCS( 2)
R016 3 Leach rate (/yr) 0.000E+00 0.000E+00 ' 4.341E-05 ' ALEACHC 2)
R016 Solubility constant '0.000600E ' 0.000100 not used SOLUBK( 2)

R016 ' Distribution coefficients for Co-60
R016 3 Containated zone (cot3/g) S 5.000E+01 ' 1.000E+03 -CMUCC( 3)
R016 Unsaturated zone I (ctf3/g) ' 5.000E+01 ' 1.000E+03 'C-UCU( 3,1)
R016 Saturated Zone (cst3/g) 5.000E+01 ' 1.000E+03 -DCUCS( 3)
R016 ' Leach rate (/yr) 0.0001+00 ' 0.000E+00 ' 1.733E-04 ALEACH( 3)
R016 I Solubility constant ' 0.0001+00 * 0.000E+00 not meod SOLUBK( 3)

R0161 Distribution coefficients for Cs-137
R016 Contaminated zone (ce3g) I 5.000E+01 1.000E+03 -CUCCC( 4)
R016 I Unsaturated zone 1 (ctP3/g) I 5.000E+01 1.000E+03 -DCPUCJ( 4,1)
R016 I Saturated zone (cat3/g) 5.0001E+01 1.000E+03 DCIUC 4)
R016 I Leach rate (/yr) 0.000E+00 0.000E+00 1.733E-04 ALEACIC 4)
R016 I Solutbiity constant 0.000E+00 0.00E+00 not used SOLUBK( 4)

R016 I Distribution coefficients for Sr-90
R016 ' Contaminated zone (c03/g) 1.500E+01 3.000E+01 OCvUCC(13)
R016 3 Unsaturated zone I (co&3/g) 5 1.50OE+01 3,000E+01 -0CMflU13,1)

R016 * Saturated zone (Coe3/g) 1.500E+01 ' 3.000E+01 DCOUCS(13)
R016 teach rate (/yr) 0.000E+00 0.000E+00 5.743E-04 ALEACH(13)
R016 * Solubitity constant 0.0001FE+00 0.00000 not used SOLUBK(13)

1016 ' Distribution coefficients for daughter Ac-227
R016 ' Contaminated zone (af3g) 2.000E+01 ' 2.00E+01 -CSUCC( 1)
R016 * Unsaturated one 1 (cq3/) 2.000E+01 2.000E+01 'CNUCU( 1,1)
R016 Saturated zone (ct"3/g) 2.000E+01 2.000E+01 ' DCMC( 1)
R016 ' Leech rate (/yr) 0.000E+00 5 0.000E+00 ' 4.316E-04 1 ALEACH( 1)
R016 * Solubility constant ' 0.000E+00 ' 0.00000 not used ' SOLUK( 1)
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Summary ; 116-0-1 RESNAD Evaluation of Combined Crib and Trench
rite : 116-M-1RESPADShallow-Zne.AAD

Site-Specific Parameter Sammary (continued)
0 ' User I I Used by RESAM Parameter

Menu Parameter Input I Default (If different ftro i-er input) fWao

R018 I Contamination fraction of milk .- I '-1 0.100E+01 ' FMILK

R019 ' Livestock fodder intake for seat (ks/doy) ' 6.800E+01 3 6.900E.01 * FIS
R019 I Livestock fodder intake for milk (kg/day) 5.500E+01 ' 5.500E+01 -- LFI6
R019 1 Livestock water intake for meat (L/day) 5.000E+01 5.000E+01 --- LVIS
R019 ' Livestock water intake for milk (L/day) 1.600E+02 ' 1.600E+02 --I LW16
R019 I Livestock soil intake (kg/day) S 5.000E-01 5.000E-01 --- ' LSI
R019 Mass loading for foliar deposition (9/W3) ' I.OOE-04 ' 1.000E-04 --- MLFD
R019 I Depth of soil mixing layer (a) ' 1.500E-01 1.500E-01 ' -- DI
R019 I Depth of roots (W) * 9.000E-01 9.0DDE-01 -- D0OOT
R019 ' Drinking water fraction from grouid water ' 2.000E+00 I 1.000E+00 - FGWw
R019 Household water fraction from ground water * not used 1.000E+00 ' - FWUNH
R019 3 Livestock water fraction from ground water 1.000E+00 1.000E+00 ' ' FGVLW
R019 Irrigation fraction from ground water 1.000E+00 1.000E+00 I FCUIR

R196 5 Wet weight crop yield for Non-Leafy (kg/*2) 7.OOE-01 7.000E-01 * - YV(I)
R196 Wet weight crop yield for Leafy (kg/r2) ' 1.500E+00 ' 1.00E+00 ' - YV(2)
R19B Wet weight crop yield for Fodder (kg/t-2) 1.10E+00 1.100E+00 ' --- ' YV(3)
219B I Growing Season for Non-Leafy (years) 1.700E-01 1.700E-01 --- TE(1)
R196 Growing Season for Leafy (year) 2.500E-01 2.500E-01 -- TE(2)
R198 Growing Season for Fodder (years) &80006-02 8.000E-02 ' -- TE(3)
R19B T translocation Factor for Non-Leafy 3 1.000E-01 ' 1000E-01 --- TIV(i)
2196 ' Translocation Factor for Leafy ' 2.000E+00 1.000E+00 3 -- TIV(2)
R19B Translocation Factor for Fodder 1.000E+00 1.000E+00 ' -- TIV(3)
1196 I Dry Foliar Interception Fraction for on-Leafy 2.500E-01 ' 2.500E-01 --- ' mRY1)
R196 3 Dry Foliar Interception Fraction for Leafy I 2.500E-01 ' 2.50DE-01 -- *DRY(2)
R196 ' Dry Foliar Interception Fraction for Fodder ' 2.500E-01 2.500E-01 O- -- 2RY(3)
R196 Wet Foliar Interception Fraction for on-Leafy 2.500E-01 2,500E-01 AWET(l)
R196 Wet Foilar Interception Fraction for Leafy 2.500E-01 ' 2.500E-01 RlET(2)
R19 W et Fotiar Interception Fraction for Fodder 2.500E-01 2.500E-01 RIET(3)
R19B w eathering Removal Constant for Vegetation 2.OOtE+01 2.000E+01 WLA

014 C C-12 concentration in water (g/cam3) not oWed 2.000E-05 --- C12WTR
C14 C-12 concentration in contaminated soil (g/g) not used I 3.000E-02 C12C2
C14 I Fraction of vegetation carbon fram soil not i-ed 2.000E-02 CSOIL
C14 Fraction of vegetation carbon from air not used ' 9.800E-01 CAIR
C14 C-14 evasion Layer thickness in soil (m) $ not used * 3.000E-01 DMC
C14 C 0-14 evasion flux rate from soil (1/sec) ' not used 7.000E-07 -- EVN
C14 C C-12 evasion flux rate from sail (1/sec) ' not used 1.000E-10 -RVS

C14 ' Fraction of grain in beef cattle feed ' not used * 8.000E-01 AVFG4
C14 I Fraction of grain in milk cow feed not used 2.000E-01 AVFG5
C14 DCF correction factor for gaseous fors of C14 not wed 8.894E+01 - C02F

STOR Storage times of contaminated foodstuffs (days):
STOR ' Fruits, non-Leafy vegetables, and grain 1.400E+01 I 1.400E+01 $ TOR T(1)
STOR * Leafy vegetables 1.000E+00 ' 1.000E+00 --- ' STORT(2)
STO5 * Milk ' 1.OOE+00 1.000E+00 ' -- STOR T3)
STOR 3 Meat and poultry 2.000E+01 2.000E+01 -- STORT(4)
STOR I Fish 7.000E+00 7.000E+00 -- STORT(5)
STOR I Crustacea and mollusks I 7.0006+00 I 7.C00E+00 - $ STORT(6)

C-13



CVP-2006-00004
Rev. 0
For Approval

IREStAD, Version 6.30 T. Limit 2 0.5 year 02/23/2006 13:41 Pag. 12
SMuMry : 116-N-I RESMD Evwtuation of Coibined Crib and Trench
file :116-1-1_RESRADShattowZone.RAD

Site-SpecifIc Parameter Summary (continued)
0 1 User Used by RESRAD ' Parameter

Na nJ a Parameter XI t I Default ' (If different from user irput) Newue
UEAMlIXAUi~tflhUUiXMAlXX&1XWAl AAAAAAXIAAAU1IJh

$7R6 H let water 3 1.00E2+00 1.000E+00 Mt' 7 (7)
STON ' surface water 1 .OE+00 I 1.000E+00 T I MR T(8)

itr ' Livestock fodder ' 4.500E+01 4.500E+01 I STOR T(9)3
3021 ' Thickness of building foundation (m) not used ' 1.500E-01 - FLOORI1
R021 ' Bulk density of building foundation (/cvr3) not used 2.4ME+00 DENSFL3021 3 Total porosity of the cover eatarial not used ' 4.000E-01 - ' TPCV
3021 * Total porosity of the building foundation ' not used I I.OOE-01 TPFL
R021 * Votmaetric water content of the cover material ' not used 5.000E-02 --- PH20CV
R021 volumatric water content of the foundation not used 3.000E-02 PN20FLR021 3 Diffusion coefficient for radon pat (x/sec):
R021 in cover materiel not used I 2.000E-06' --- DIFCV
R021 in foundation material not used 3.000E-07 DIFFLR021 in contaminated zone soil not used 2.000E-06 ' -- DIFCZ
2021 ' Radon verticat dimension of mixing (m) ' not used ' 2.000E+00 ' * HNIX
3021 ' Average building air exchange rate (1/hr) not used 5.000E-01 - REXG
R021 Neight of the building (room) () ' not used 2.500E+00 ' URN
R021 * Building interior area factor ' not med ' 0.000E+00 '-- ' FAI
R021 ' Building depth bet"i ground surface (m) ' not used -. 0OO00 --- DMFL
3021 ' Emanating power of Rn-222 gas ' not used 2.500E-01 ' - EKANACI)
4021 Emanating power of Rn-20 gas not used i1.500E-01 -- EKMA(2)

TITL H ooer of graphical time points 64 -PTS

TITL ' Maxima aster of integration points for dose 5 ' - LYMAX
TITL Maximm ansber of integration points for risk 3 17 - MAX

Summary of Pathway Selections

Pathway User Selection

1 - external gamse active
2 inhataton (w/o radon)' active
3 - plant ingestion * active
4 m- seat ingestion active
5 - milk ingestion active
6 - aquatic foods active
7 - drinking water active
8 - soit ingestion ' active
9 - radon ' suppresed
Find peak pathway dosm activefillf li f Ilf 1111 if fifii III IIIIIIIIII ff t!!!! iCi1
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Summary : 116-N-1 Combined Crib and Trench Deep Zone RESRAD Evaluation
File : 116-N-1_RESRA_Deep_tone.RAD

Dose Conversion Factor (and Related) Parameter Summary
File: HEAST 2001 Morbidity

0 3 3 Current 3 3 Parameter
Menu 3 Parameter I Value 1 Default Name
AAAAAAAAAAAA AAAAAAAAAAAA AAAAA AAAAA AAAAAAA.W AAAAA
8-1 Dose conversion factors for inhalation, mreorpCi: 3

B-1 ' Ac-227+D 6.720E+00 3 6.720E+00 I DCF2( 1)
8-1 3 Aw-241 ' 4.440E-01 3 4.40E-01 DCF2( 2)
B-1 Co-60 2.190E-04 3 2.190E-04 ' DCF2( 3)
B-1 ' Cs-137+D $ 3.190E-05 3 3.190E-05 ' DCF2( 4)
B-1 ' Eu-154 2.860E-04 2.860E-04 DCF2( 5)
B-1 Eu-155 4.140E-05 4.140E-05 DCF2( 6)

-1 H-3 6.400E-08 6.400E-08 ' DCF2( 7)
B-1 ' Ni-63 * 6.290E-06 6.290E-06 DCF2( 8)
B-1 Np-237+D ' 5.40OE-01 I 5.400E-01 ' DCF2( 9)
B-1i Pa-231 3 1.280E+00 3 1.280E+00 * DCF2(10)
B-I ' Pu-239 ' 4.290E-01 I 4.290E-01 3 DCF2(11)
B-1 ' Pu-240 * 4.290E-01 3 4.290E-01 I DCF2(12)
B-1 ' Ra-228+D ' 5.080E-03 * 5.080E-03 ' DCF2(13)
8-1 * Sr-90+ 1.310E-03 ' 1.310E-03 I DCF2(14)
B-1 Th-228t0 3.450E-01 I 3.450E-01 ' DCF2(15)
B-1 ' Th-229*0 2.160E+00 S 2.160E+00 ' DCF2(16)
B-i Th-232 1.640E+00 1.640E+00 OCF2(I7)
B-1 U-233 1.350E-01 ' 1.350E-01 ' 0CF2(18)
B-1 U-235+D 1.23GE-01 ) 1.230E-01 ' DCF2(19)
B-i U-236 ' 1.250E-01 1.250E-01 DCF2(20)
D-1 Dose conversion factors for ingestion, mrem/pCi:
D-i Ac-227+D 1.480E-02 1.480E-02 DCF3( 1)D-I ' Ai-241 3.640E-03 ' 3.640E-03 ' DCF3( 2)
0-1 Co-60 * 2.690E-05 I 2.690E-05 I DCF3( 3)0-1 ' Cs-137+0 ' 5.000E-05 ' 5.000E-05 ' OCF3( 4)
D-1 Eu-154 ' 9.550E-06 ' 9.550E-06 OCF3( 5)
D-1 Eu-i155 1.530E-06 ' 1.530E-06 ' DCF3( 6)
D-1 ' H-3 6.400E-08 3 6.400E-08 ' DCF3( 7)
b-1 ' Mi-63 3 5.770E-07 $ 5.770E-07 DCF3( 8)
D-1 Np-237+0 3 4.440E-03 3 4.440E-03 3 DCF3( 9)
D-I Pa-231 3 1.060E-02 * 1.060E-02 S DCF3(10)
D-1 Pu-239 3 3.540E-03 3 3.540E-03 1 DCF3(11)
D-1 ' Pu-240 3.540E-03 3.540E-03 DCF3(12)
D-1 ' Ra-228+0 1.440E-03 1.440E-03 0CF3(13)
D-1 Sr-90+D 3 1.530E-04 * 1.530E-04 DCF3(14)D-1 ' Th-228+O - .080E-04 ' 8.080E-04 * 0CF3(15)D-1 ' Th-229+D 4.030E-03 4.030E-03 OCF3(16)
D-I ' Th-232 2.730E-03 ' 2.730E-03 DCF3(17)
D-I U-233 ' 2.890E-04 ' 2.890E-04 ' DCF3(18)
D-1 3 U-235+D I 2.670E-04 3 2.670E-04 ' DCF3(19)
D-1 ' U-236 2.690E-04 - 2.690E-04 DCF3(20)

D-34 ' Food transfer factors: 3 3
D-34 ' Ac-227+D , plant/soiL concentration ratio, dimensionless 2.500E-03 2.500E-03 3 RTF( 1,1)
D-34 ' Ac-227+D , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) 2.000E-05 2.000E-05 ' RTF( 1,2)D-34 ' Ac-227+0 , miLk/Livestock-intake ratio, (pCi/L)/(pCi/d) 2.000E-05 2.000E-05 ' RTF( 1,3)
D-34 I
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Summary : 116-N-1 Combined Crib and Trench Deep Zone RESRAD Evaluation
FiLe : 116-N-RESRADDeepZone.RAD

Dose Conversion Factor (and Related) Parameter Summary (continued)
File: HEAST 2001 Morbidity

0 ' Current ' Parameter
Menu 3 Parameter ' Value ' Default ' Name
AAAAAAAAUAA .AMAAAMAMM A AAAAAAAA AAAAUAAAAAAAAAAAAA AAAM AAAAAAAAA
0-34 - Am-241 , pLant/soit concentration ratio, dimensionless 3 1.000E-03 1.000E-03 ' RTF( 2,1)
0-34 3 Am-241 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 5.OOOE-05 ' 5.000E-05 3 RTF( 2,2)
0-34 1 Am-241 , miLk/ivestock-intake ratio, (pCi/L)/(pCi/d) ' 2.000E-06 2.OOE-06 RTF( 2,3)
0-34 3
0-34 ' Co-60 , pLant/soit concentration ratio, dimensionless ' 8.000E-02 3 8.000E-02 3 RTF( 3.1)
0-34 3 Co-60 , beef/livestock-intake ratio, (pC/kg)/(pCi/d) $ 2.000E-02 3 2.000E-02 3 RTF( 3,2)
D-34 ' Co-60 , miLk/Livestock-intake ratio, (pCi/L)/(pCi/d) ' 2.000E-03 ' 2.000E-03 ' RTF( 3,3)
D-34
D-34 Cs-137+D , plant/soil concentration ratio, dimensionless 3 4.OOOE-02 3 4.000E-02 3 RTF( 4,1)
0-34 3 Cs-137+D , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) ' 3.000E-02 3 3.000E-02 I RTF( 4,2)
D-34 3 Cs-137+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) I 8.000E-03 * 8.000E-03 ' RTF( 4,3)
D-34 I 1 1

0-34 ' Eu-154 , plant/soiL concentration ratio, dimensionless I 2.500E-03 ' 2.500E-03 ' RTF( 5,1)
D-34 3 Eu-154 , beef/livestock-intake ratio, (pCi/kg)/CpCi/d) 3 2.OOE-03 3 2.000E-03 I RTF( 5,2)
D-34 ' Eu-154 , miLk/Livestock-intake ratio, (pCi/L)/(pCi/d) ' 2.000E-05 ' 2.000E-05 ' RTF( 5,3)
D-34
D-34 ' Eu-155 , plant/soil concentration ratio, dimensionless 2.500E-03 ' 2.500E-03 ' RIF( 6,1)
0-34 ' Eu-155 , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) 2.000E-03 2.000E-03 ' RTF( 6,2)
D-34 ' Eu-155 , milk/Livestock-intake ratio, (pCi/L)/(pCi/d) 2.OOE-05 ' 2.OOOE-O5 ' RTF( 6,3)
0-34 '

D-34 3 M-3 , pLant/soil concentration ratio, dimensionless 3 4.800E+00 ' 4.800E+00 3 RTF( 7,1)
D-34 s 11-3 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) I 1.200E-02 3 1.200E-02 ' RTF( 7,2)
D-34 11-3 , milk/Livestock-intake ratio, (pCi/L)/(pCi/d) ' 1.000E-02 ' I.OOE-02 ' RTF( 7,3)
D-34 3

D-34 ' Ni-63 , plant/soil concentration ratio, dimensionLess ' 5.000E-02 5.000E-02 ' RTF( 8,1)
D-34 $ Ni-63 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) ' 5.000E-03 ' 5.000E-03 ' RTF( 8,2)
D-34 ' Nf-63 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) ' 2.000E-02 ' 2.000E-02 ' RTF( 8,3)
0-34' '
D-34 ' Up-237+D , plant/soil concentration ratio, dimensionless I 2.OOE-02 3 2.000E-02 I RTF( 9,1)
D-34 * Mp-237+D , beef/Livestock-intake ratio, (pCi/kg)/CpCi/d) t.000E-03 I 1.000E-03 I RTF( 9,2)
D-34 3 Np-237+0 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.00E-06 ' 5.000E-06 3 RTF( 9,3)
0-34'
0-34 ' Pa-231 , plant/soil concentration ratio, dimensionless ' 1.000E-02 1.000E-02 * RTF(10,1)
D-34 ' Pa-231 , beef/livestock-Intake ratio, (pCi/kg)/(pCi/d) ' 5.000E-03 5.000E-03 ' RTF(10,2)
D-34 ' Pa-231 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 5.000E-06 ' RTF(10,3)
0-34
D-34 ' Pu-239 , pLant/soil concentration ratio, dimensionless ' 1.000E-03 1.000E-03 RTF(11,1)
D-34 ' Pu-239 , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) ' 1.000E-04 3 1.000E-04 ' RTF(11,2)
D-34 $ Pu-239 , mILk/Livestock-intake ratio, (pCi/L)/(pCi/d) $ 1.000E-06 I 1.000E-06 3 RTF(11,3)
D-34 3 3

D-34 3 Pu-240 , plant/soiLt concentration ratio, dimensionless ' 1.000E-03 ' 1.000E-03 ' RTF(12,1)
D-34 ' Pu-240 , beef/Livestock-intake ratio, (pCi/kg)/CpCi/d) I 1.000E-04 3 1.000E-04 3 RTF(12,2)
0-34 ' Pu-240 , miLk/Livestock-intake ratio, (pCi/L)/(pCi/d) 1.OOE-06 3 1.000E-06 s RTF(12,3)
D-34 1 1

0-34 3 Ra-228+D , plant/soiL concentration ratio, dimensionless I 4.000E-02 s 4.OOOE-02 3 RTF(13,1)
0-34 ' Ra-228+0 , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-03 3 1.OOOE-03 3 RTF(13,2)
D-34 ' Ra-228+0 , milk/Livestock-intake ratio, (pCi/L)/(pCi/d) 1.OOE-03 3 1.000E-03 ' RTF(13,3)
D-34 ' '
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Dose Conversion Factor (and Related) Parameter Summary (continued)
File: HEAST 2001 orbidity

0 3 Current ' ' Parameter
Menu Parameter Value D efault N amAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAliAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAoflljlfzuxnxau~xpilnun
D-34 I Sr-90+0 , plant/soit concentration ratio, dimensionless 3 3.000E-01 3 3.000E-01 I RTF(14,l)
D-34 ' Sr-90+0 , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) ' 8.000E-03 ' 8.000E-03 4 RTF(14,2)
D-34 3 Sr-90+D , milk/Livestock-Intake ratio, (pCi/L)I(pCi/d) 3 2.000E-03 2.000E-03 I RTF(14,3)
D-34 13
D-34 I Th-228+D , plant/soil concentration ratio, dimensionless 3 .ODOE-03 3 1.000E-03 3 RTF(15,1)
D-34 3 Th-228+0 , beef/tlivestock-intake ratio, (pCi/kg)/(pCi/d) ' 1.000E-04 ' 1.000E-04 3 RTF(15,2)
D-34 1 Th-228+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 5.000E-06 ' RTF(15,3)
D-34 1
D-34 I Th-229+D , plant/soit concentration ratio, dimensionless 3 1.000E-03 I 1.000E-03 ' RTF(16,1)
D-34 I Th-Z29+D , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) 3 1.000E-04 I 1.000E-04 ' RTFC16,2)
D-34 I Th-229+D , milk/livestock-intake ratio, (pCl/L)/(pCi/d) I 5.000E-06 I 5.000E-06 1 RTFC16,3)
B-34 3
D-34 ' Th-232 , plant/soil concentration ratio, dimensionless I 1.000E-03 A 1.000E-03 - RTF(17,1)
D-34 1 Th-232 , beef/livestock-intake ratio, (pCt/kg)/(pCi/d) I 1.000E-04 3 1.000E-04 ' RTF(17,2)
D-34 I Th-232 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 I 5.000E-06 RTF(17,3)
D-34 3A 3
0-34 3 U-233 , plant/soit concentration ratio, dimensiontess ' 2.500E-03 I 2.500E-03 I RTF(18,1)
0-34 1 U-233 , beef/LIvestock-intake ratio, (pCi/kg)/(pCi/d) I 3.400E-04 - 3.400E-04 I RTF(18,2)
0-34 * U-233 , mitk/Livestock-Intake ratio, (pCi/L)/CpCi/d) 6.000E-04 I 6.00E-04 RTF(18,3)
D-34 3
D-34 $ U-235+D , plant/soil concentration ratio, dimensionless ' 2.500E-03 ' 2.500E-03 ' RTF(19,1)
D-34 I U-235+D , beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) I 3.400E-04 I 3.400E-04 J RTF(19,2)
0-34 3 U-235+D , mitk/Livestock-intake ratio, (pCi/L)/(pCi/d) ' 6.000E-04 I 6.00E-04 RTF(19,3)
0-34' 3 1
0-34 ' U-236 , plant/soil concentration ratio, dimensionless I 2.500E-03 2.500E-03 3 RTF(20,1)
0-34 $ U-236 , beef/tivestock-intake ratio, (pC/kg)/(pCi/d) ' 3.400E-04 3 3.400E-04 3 RTF(20,2)
0-34 $ U-236 , mitk/tivestock-intake ratio, (pCiIL)/(pCi/d) I 6.000E-04 6.000E-04 * RTF(20,3)

3 1 1 3

0-5 ' BioaccumuLation factors, fresh water, L/kg:
0-5 1 Ac-227+4 , fish 1.500E+01 3 1.500E+01 3 BIOFAC( 1,1)
0-5 ' Ac-227+0 , crustacea and mollusks I 1.000E+03 31.OOE+03 S BIOFAC( 1,2)
D-5 1 *
D-5 Am-241 , fish 3.000E+01 % 3.DOOE+01 * 9IOFAC( 2,1)
0-5 $ Am-241 , crustaces and molusks 1.OOOE+03 3 1.000E+03 ' SIOFAC( 2,2)
D-5 3 1
D-5 I Co-60 , fish 3.000E+02 ' 3.00E+02 I BIOFAC( 3,1)
D-5 * Co-60 , crustaces and mollusks I 2.00E+02 3 2.000E+02 3 BIOFAC( 3,2)
D-5 I 3 3
D-5 Cs-137+D , fish $ 2.000E+03 I 2.000E+03 I BIOFAC( 4,1)D-5 1 Cs-137+0 , crustaces and moltucks 1.000E+02 ' 1.000E+02 3B IOFAC( 4,2)
D-5 I
0-5 ' Eu-154 , fish 5.000E+01 I 5.00E+01 ' SIOFAC( 5,1)
D-5 I Eu-154 , crustacea and mollusk* 1.000E+03 3 1.000E+03 I SIOFAC( 5,2)
D-5 1
D-5 I Eu-155 , fish 5.OOOE+01 ' 5.000E+01 ' BIOFAC( 6,1)
D-5 ' Eu-155 , crustacen and mollusks 1.000E+03 1.000E+03 ' BIOFAC( 6,2)D-5 

10-5 H 1-3 , fish I 1.000E+00 3 1.00E+00 I SIOFAC( 7,1)
D-5 ' H-3 , crustacee and mol lusks .000E+00 ' 1.000E+00 IDFAC( 7,2)
D-5 1 3
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Dose Conversion Factor (and Related) Parameter Stanary (continued)
File: HEAST 2001 Morbidity

0 1 Current 3 Parameter
Menu ' Parameter ' Value 3 Default ' Name
................................. I ................. xxxxxxxxxxxxxxxxauxxxxxxxxx

Ni-63
Wi-63

Np- 237+D
Np-237 +D

Pa-231
Pa-231

Pu-239
Pu-239

Pu-240
Pu-240

, fish
crustacea and mollusks

, fish
, crustacea and mollusks

, fish
, crustaces and mollusks

, fish
, crustacea and mollusks

, fish
, crustacea and mollusks

Ra-228+0 , fish
Ra-228+D , crustaces and mollusks

Sr-90+D , fish
Sr-90+D , crustaces and mollusks

0-5
0-5
0-5
D-5 $

D-5
D-5
D-5
D-5
D-5 '

D-5 '

D-5 '

0-5
0-5
D-5 '

D-5
D-5
D-5 3
D-5
0-5 3
D-5 3
D-5
D-5
D-5
D-5
D-5
0-5
0-5
D-5
0-5 3
0-5 '

D-5
D-5
D-5
D-5 '

D-5 '

0-5 3

I.000E+02
1.000E+02

3.OOOE+01
4.000E+02

1.000E+01
1.100E+02

1.LOOE+02 B!OFAC( 8,1)
1.OOOE+02 BIOFAC( 8,2)

3.000E+01
4.000E+02

I.OOE+01
1.IOOE+02

BIOFAC( 9,1)
BIOFAC( 9,2)

BIOFAC(10,1)
BIOFAC(10,2)

$ 3.000E+01 3.S00E+01 BIOFAC(11,1)
3 1.000E+02 1.O0OE+02 ' BlOFAC(11,2)

3.OOOE+01 ' 3.OOOE+01 s
L.000E+02 ' 1.OOOE+02 3

SS.OOOE+01 ' 5.000E+01 '
' 2.500E+02 $ 2.500E+02 '
3 3 3

- 6.000E+01 ' 6.OOOE+01
' 1.000E+02 * 1.OOOE+02 '

BIOFAC(12,1)
BIOFAC(12,2)

BIOFAC(13,1)
BIOFAC(13.2)

BIOFAC(14,1)
BIOFAC(14,2)

1.OOOE+02 I 1.OOOE+02 BIOFAC(15,1)
5.000E+02 5.O00E+02 ' BIOFAC(15,2)

I I I
tacea and mollusks

tate and mollusks

, fish
, crustacea and mol lusks

, fish
, crustacea and mollusks

U-235+0 , fish
U-235+0 crus

1.000E+02
5. 000E+02

1.000E+02
5.OOOE+02

1.OOOE+01
6.000E+01

1.OOE+01
6.000E+01tacea and mollusks

1.000E+02 ' BI0FAC(16,1)
5.000E+02 B10FAC(16,2)

1.000E+02 ' BIOFAC(17,1)
.000E+02 ' BIOFAC(17,2)

I.000E+01
6.000E+01

1.000E+01
6.000E+01

BIOFAC(18,1)
BIOFAC(18,2)

BIOFACCI9,l)
BIDFAC(19,2)

0-5 3 U-236 , fish 3 1.000E+01 I 1.000E+01 I BIOFAC(20,1)
0-5 -U-236 , crustaces and mollusks ' 6.OOE+01 ' 6.000E+01 BI0FAC(20,2)
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Site-Specific Parameter Sumnary
0 1 User I ' Used by RESRAD Parameter"e ' Parameter I Input 5 Default ' (If different from user input) Name

AAAAAAAAAAAAAAAAAAAAAAAIJAAAAIJJIAAAAAAJ.AAAAA~AAIIIXlfIIIIIMIII
toll I Area of contaminated ton. (0f2) ' 3.601E+04 1.000E+04 - AREA
ROll ' Thickness of contaminated tone (a) ' 1.010E+01 2.OE+00 * --- THICKO
ROIl S Length paralLet to aquifer fRom (m) 1.200E+02 1.000E+02 ' LCZPAQ
ROll Basic radiation dose limit ({re/yr) ' 4.000E+00 2.500E+01 ' ' BRDL
ROl l Time since placement of material (yr) '000E+00 0.000E+00 I -- TI
Rol I T'imes for calcuLations (yr) ' 1.000E+00 1. 000E+00 I --- C TC 2)
R011 S Times for calcuLations (yr) ' 3.000E+00 ' 3.000E+00 ' T C 3)
Roll ' Times for calculations (yr) ' 7.000E+00 I 1.000E+01 I T ( 4)
R011 ' Times for calculations (yr) ' 1.200E+01 I 3.000E+01 3 TC 5)
t011 * Times for calculations (yr) ' 3.000E+01 .000E+02 ' T( 6)
t011 ' Times for calcuLations (yr) ' 1.000E+02 ' 3.000E+02 1--i 7)
t011 ' Times for calculations (yr) ' 1.460E02 ' t.000E+03 1 T( 8)
tOlI Times for calcuLations (yr) * 3.000E+02 * 0.000E+00 T( 9)
t011 Tas for caLcuLations (yr) ' .000E+03 ' 0.000E+00 - T(10)

R012 * Initial principal rsdiontcllde (pCi/g); Am-241 3.40E+01 0.000E+00 $1( 2)
R012 Initial principat radioncllde (pCi/g): Co-60 ' 3.130E+02 0.000E+00 Sic 3)
t012 Initial principal radionuctide (pCi/g): Cs-137 S.140E+03 * 0.000E+00 $1( 4)
9012 initial principal radioruclide (pci/a): Eu-154 7.310E+00 ' 0.000E00 sic 5)
t012 i rnitial principal radionclid* (pC1/g): Fu-155 ' 1.910E+00 - 0.000E+00 !S1( 6)
t012 ' Initial principal radioniclide (pCi/g): H-3 ' 1.600E+01 I 0.000E+00 I Si( 7)
R012 ' Initial principal radionuclide (pCi/a): 1i-63 3 1.710E.02 - 0.000E+00 * sic 8)
ROll -initial principal radionucIlIde (pCi/a): Pu-239 3 3.340E+01 I 0.000E+00 $1(11)
R012 ' Initial principal radioqnuciide (pCi/a): Pu-240 I 8.000E+00 - 0.000E+00 '1(12)

R012 3 Initial principal redionuclide (pCi/9): Sr-90 I 9.310E+02 0.000E+00 S1(14)
R012 I Concentration in groundvater (pCi/L): Am-241 I not wed 3 0.00000 - W1C 2)
R012 I Concentration in groterdater (pCi/U): Co-60 I not wed I 0.000E+00 W( 3)
t12 1 Concentration in groundwater (pCI/L): Cs-137 ' not used I 0.000E+00 WI( 4)
R012 I Concentration in groundwater (pCi/L): Eu-154 ' not used I 0.000E+00 W( W )
R012 * Concentration in grouhndster (pCi/L): Eu-155 ' not used I 0.000E+00 I W1( 6)
R012 Concentration in groundtater (pCi/.): H-3 3 not used I 0.000E+00 I Wit 7)
R012 I Concentration in grouathater (pCi/L): Mi-63 not used - 0.000E+00 I- Wi 8)
R012 Concentration in grourcnater (pCI/L)z Pu-239 ' not wed 3 0.000E+00 I W1(11)
R12 x Concentration in groudater (pCi/L): Pu-240 ' not used 1 0.0001+00 1 W1(12)
R012 * Concentration in grotndater (pCI/L): Sr-90 ' not used ' 0.0001.00 E+(14)

0013 3 Cover depth (M) 4.600E+00 1 0.000E+00 COVERO
R013 ' Density of cover material (g/CM"3) ' 1.00E+00 I300E+00 '-DEMISCV

R013 Cover depth erosion rate (/yr) ' 1.000E-03 I 1.000E-03 VCV
R013 Density of contaminated tan (g/car3) 2.000E+00 1.500E+00 DENSCZ
R013 * Contaminated Zone erosion rate (m/yr) ' 1.000E-03 ' .000E-03 VCz
R013 3 Contaminated zone total porosity ' 3.000E-01 ' 4.000E-01 TPCZ
R013 ' Contaminated zone field capacity 2.500E-01 ' 2.000E-01 FCCZ
R013 * Contaminated zone hydrautic conductivity (/yr) ' 2.500E+02 1 l.000E+01 - HCCZ
R013 * Contaminated zone b parameter 3 4.050E+00 I 5.300E+00 * .Gc
R013 3 Average anngust wind speed (Wsec) ' 3.400E+00 ' 2.000E+00 --- ' WIND
R013 - Hunidity in air (g/0"3) 3 8.000.00 I 8.000E.00 RM- 3 *1D
1013 * Evapotranspiration coefficient ' 9.100E-01 ' 5.000E-01 ' EVAPTR
R013 I Precipitation (/yr) ' 1.600E-01 ' 1.000E+00 * PRECIP
R013 - Irrigation (Wyr) ' 0.00 00 ' 2.000E-01 - II.
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Site-Specific Parameter Summary (continued)
0 ' User I Used by REAM Parameter

Menu Parameter Input Default (If different from user input) ' Nam
AhA'y1 xxauusnyyyyyyyyyyryyrrrrssazpnnx IlfllKWjrj)AyrJJAJJlflhIZ K dKII1II1IIIsIXUXI1UII3.KK XXXIX KIIXIXIX I MII IKIKIK

R013 ' Irrigation Node overhead overhead I - 10ITC"
R013 Runoff coefficient 2.000.-O1 2004E-01 -- 3 RUNOFF
R013 W atershed area for nearby stream, or pond (tm2) 2 1.00E+06 * l.ODOE+06 I UAIREA
A013 Accuracy for Water/scit coputations 1.000E-03 1.000E-03 P--- ES

R014 Density of saturated zone (g/cam3) 2.9OOE+O 1.500E+OO 3 5ENSAO
R014 Saturated zone total porosity 3 3.000E-0) I 4.000E-01 --- ' TPSZ
R014 3 Saturated zone effective porosity S 2.500E-01 2.000E-01 ' -- EPS
k014 I Saturated zone field capacity ' 2.00E-01 2.000E-01 ' --- FCSZ
R014 3 Saturated zone hydrautic conductivity (a/yr) 5.530E+03 t.000E+02 -- HCS
#014 Saturated zone hydraulic gradient 1.250E-03 2.O00-02 C-- ' ST
R014 * Saturated zonw b parameter ' not Used ' 5.300E'00 BS2
R014 * Water table drop rate (m/yr) O.OE+00 ' MOOE-03 VWY
1014 ett pump Intake depth (a below water table) ' 4.600E+00 t.O0E+1 -- - DWIDWT
R014 Model: Mondispersion (ND) or MAss-atance (B) N Ot ' S S -N- M OEL
R014 Watt pumping rate (tm3/yr) 2.500E+02 * 2.500E+02 tW

ROS Nuiber of unsturated zono strata '1 I 'MS
9015 ) Unsat. zone 1, thickness () ' 7,804E+00 $ 4.000E+00 I --- #(I)

R015 AU-nat. zone 1, soit density (g/cam3) 2.000E+00 1.500E+00 - DENSUZU)
R015 Unset. zone 1, total porosity 3.000E-01 4.00E-01 '-' TPUZ(I)
R015 Unset. zone 1, effectiv, porosity 2.500E-01 2.000E-01 - EPUZ(1)
R015 I Unst. zone 1, field capacIty 2.500E-01 2.000E-01 FCUZ(I)
R015 Unsat. zone 1, soil-specific b perimeter ' 4.050E+00 5.300E+00 BUZ(1)
R015 Unst. tonr 1, hydraulic conductivity (wVyr) 2.500E+02 I .000E+01 ulN(I)

R016 Distribution coefficients for A.-241
R016 Contaminated zone (cot3/g) 3 2.000E+02 2. 00E+01 -- ocUCC( 2)
R016 * Unsaturated zone I (cl3/g) 2.000E+02 O2.00OE+01 DCWJCJ( 2.1)
R016 * Saturated rNw ctM3/g) 2.0000E+2 2.0001E+01 DC-' ICS( 2)
R016 L teach rat. C/yr) 0.001E+0O ' 0.000E+00 ' 2.850E-06 ALEACN( 2)
R016 SoLubiity constant ' 0.00E+00 .OOOE+00 not used SOLUBK( 2)

A016 Distribution coefficients for Co-60
R016 ' Contaminated zone (CMo 3/g) ' 5.ODOE+01 ' 1.000E+03 DCUCC( 3)
R016 lUnsatw-ated zone I (cm3/g) 5.000E+01 3 1.000E+3 ' --- DCIAJCU( 3,1)
R016 M Saturated zone (cct3/g) 5.000E+01 1.OOE+03 --- DCNUCSC 3)
R016 ' Leach rate (/yr) * 0.000E+00 0.000E+00 ' 1.1381-05 ALEACH( 3)
R016 , Solutility comtent 0.000E0 0.000E+00 ' not used SOLUBKC 3)

1 3

R016 Distribution coefficients for Cs-137
R016 Contaminated Zone (cta3/g) ' 5.000E+01 1.0001+03 1 DCMUCC( 4)
R016 3 Unsaturated zone I (ct'3/g) 5.000E+01 .000E+03 --- DCUJCU( 4,1)
R016 ' Saturated zone (ct5 3/g) 5.00OE+01 .000E+03 --- 0CNUCS( 4)
R016 ' Leach rate (/yr) 0.000E+00 ' 0.000E+00 ' 1.138E-05 ' ALEACH( 4)
R016 ' Solubility constant 0.000E00 0.0E+000 not used * SOLUBKC 4)
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Site-Specific Paraseter Summary (continued)
0 User I Used by RESRAD ' Parameter
Nenu ' Parameter $ Input & DefauLt (If different from user input) ' NameAAAAAAAAALAAAMWM sm m mltAMmALUmKA
R016 Distribution coefficients for Eul54
R016 ' Contaminated zone (ctf3/g) ' 2.000E+02 1.000E+00 -- ' DCUJCC( 5)
R016 I Unsaturated zone I (crm3/) ' 2.000E+02 1-1.000E+00 DCAJCU( 5,1)R016 3 Saturated zone (ct*3/g) ' 2.000E+02 1.000E+00 -- ' DCNUCS( 5)
1016 Leach rate (/yr) 0.000E+00 0.000E+00 3 2.850E-06 ' ALEACN( 5)3016 Solubitity contant 0.000E+00 0.000E+00 not used ' SOLUKC 5)
1016 3 Distribution coefficients for Eu-155
3016 3 Contaminated zone (cm"3/g) ' 2.000E+02 I-1.000E+00 I DCNUCC( 6)
R016 ' Unsaturated zone I (ct*S/g) I 2.000E+02 1.0001E+00 --- DCMIJCU( 6,1)R016 3 Saturated zone (cam3/g) I 2.000E+02 1-1.000E.00 I ... DCUCS( 6)R016 Leach rate (/yr) ' 0.000E-00 ' 0.000E+00 2.850E-06 ALEACM( 6)
R016 Solubiity constant 0.000E+00 ' 0.000E+00 ' not used SCLUBK( 6)

R016 ' Distribution coefficients for H-3 ' '

R016 Contaminated tons (cwr3/9) ' 0.000E+00 1 0.000E.00 I--- 3 DCuCC( 7)
R016 3 Unsaturated tone 1 (clh*3/s) ' 0.000E+00 I 0.000E+00 I .- ' DCNUCU( 7,1)R016 Saturated zone (ctf3/g) 0.000E+00 ' 0.000E+00 ' --- DCNUCSC 7)R016 ' Leech rate (/yr) ' 0.0000 ' 0.000E+00 ' 4.562E-03 $ ALEACM( 7)R016 Solubitity constant ' 0.000E+00 ' 0.000E+00 3 not sed ' SDLLUK( 7)

R016 ' Distribution coefficients for Ni-63 ' '
R016 * Contaminated zons (cas3/a) 3.000E+01 ' 1.000E+03 ' DOCNUCCC 8)1016 I Unsaturated zonr 1 (c*3/g) ' 3.000E+01 ' 1.000E+03 ' --- aClNUC l 81)R016 ' Saturated tons (cam3/9) 3.000E+01 ' 1.000E+03 ' ' DCVUCS( 8)
A016 ' Leach rate (/yr) ' 0.000E+00 I 0.000E+00 ' 1.893E-05 ' ALEACH( 8)
R016 Solubtlity constant 0.000E+00 0.000E+00 not used ' SOLUBK( 8)
R016 ' Distribution coefficients for Pu-239 3 3 3
R016 I Contaminated zone (cu-3/g) 2.000E+02 2.000E+03 ' DCMJUCC(I1)R016 Unsaturated zone 1 (cc**3/g) 2.000E+02 2.000E+03 ' - DCMUCUOII,1)
R016 Satursted zone (ct*3g) ' 2.0E+02 2.000E0 ' -- OCNUCS(11)
R016 Leach rate (/yr) 0.000E+00 0.0)0OE+00 2.850E-06 ' ALEAC(4I1)R016 Sotubility constant ' 0.000E+00 0.000E+00 not used ' SOLUBK(1l)
R016 ' Distribution coefficients for Pu-240 '
R016 Contaminated zone (cam3/g) I 2.ODOE+02 ' 2.000E+03 ' ' OCKJCC(12)#016 ' Unsaturated zone I (ct*3/g) ' 2.ODOE+02 2.000E+03 ' - DCUCU(12.1)R016 Saturated zone (ctl3/g)f 2.000E+02 ' 2.000E+03 ' ' DCIUCS(12)R016 3 Leach rate (/yr) 3 0.000E+00 ' 0.000E+00 2.830E-06 ' ALEACH(I2)
R016 SotubiLity constant 0.00E+00 0.000E+00 ' not used 1 SOLUCK(12)
R016 ' Distribution coefficients for Sr-90 '
R016 Contaminated zono (cw"3/) ' 1.500E+01 3.000E+01 'CNUCC(14)1016 ' Unsaturated zone I (ca /l3/) 1.500E+01 ' 3.000E+01 OCIICU(14,l)

O16 3 Saturated zone (ct*3/g) 1.500E+01 ' 3.000E+01 'CNUCS(14)R016 ' Leach rate (/yr) ' 0.0006+00 0.000E+00 - 3.771E-05 ' ALEACH(14)
R016 3 Sotutility constant 3 0.000E+00 0.000E+00 not used $ SOLUBK(14)
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Site-Specific Parameter Smary (continued)
0 ' ' User Used by RES&AO ' Parameter
Kers Paremeter Input Default 3 (If different from user input) Name

R016 Distribution coefficients for daughter Ac-227
R016 Contaxinated Zone (catf3/g) 2.000E+01 I 2.000E+01 I DCNUCC( 1)
*016 Unsaturated zone 1 (cM"3/g) 2.000E+01 2.000E+01 OCNUCU( 1.1)
R016 ' Saturated zone (cnr3/) ' 2.000E+01 2.000E+01 DCNUCS( 1)
016 L teach rate (/yr) ' 0.000E+00 0.000E+00 £ 2.834E-05 3 ALEACIC 1)

f016 I Solubility constant 0.000E+00 0.000 +00 not used SOLUBKM 1)

R016 3 Distribution coefficients for daughter Np-237
R016 Contaminated zons (coW3/g) 1-1.000E+00 -1.000E+00 I 2.574E+02 ' DCNUCC( 9)
R016 3 Uns ated zone I (cir*3/g) '-.000E+00 '-1.000E+00 ' 2.574E+02 DCNUCU( 9,1)
R016 3 Saturated Ione (rj"3/g) 11.000E+00 '-1.000E40 I 2.574E+02 DCNUCS( 9)
R016 3 Leach rate (/yr) ' 0.000E+00 0.000E+00 ' 2.214E-06 ' ALEACMI 9)
R016 I Solubility constant ' 0.000E+00 3 0.000E+00 3 not used 3 SOLUBK( 9)

R016 Distribution coeffIcients for daughter Pa-231 $

R016 Contaminated zone (ctf*3g) ' 5.000E+01 ' S.OE+01 DCNUCC(10)
R016 Unsaturated zone 1 (m**3/g) 5.000E+01 ' 5.000E+01 DCNUCU(10,1)
R016 ' Saturated zone (ct*3/g) 3 5.OE+01 5.000E+01 DCNUCS(10)
R016 ' Leach rate (/yr) ' 0.000E+00 ' 0.000E+00 1.13SE-05 ALEACH( O)
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK(O)

R016 I Distribution coefficients for daughter Ra-228 3

:016 I Contsainated Ione (c*3/g) ' 1.000E+02 ?.000E+01 DCNUCX(13)
f016 unsaturated Zone 1 Ccef3/g) ' 1.000E+02 7.000E+01 --- CNUCU(13,1)
R016 Saturated tone (ta"3/g) ' 1.000E+02 ' 7.000E+01 DCNUCS(13)
11016 Leach rate (/yr) 0.000E+00 1 0.000E+00 5.696E-06 ALEAC1(13)
R016 3 Solubility constant ' 0.000E+00 0.000E+00 not used OLUBK(13)

R016 3 Distribution coefficients for daughter Th-228 ' '

R016 Contaninated tone (cn*3/g) 3 2.000E+02 ' 6.000E+04 DCNUCC(15)
R016 Unsaturated zone 1 (ct"3/g) 2.000E+02 ' 6.000E+04 DCNUCU(15,1)
R016 Saturated zone (ca*3/g) 2.000E+02 ' 6.000E+04 'DCUCS(15)

R016 ' Leach rate (/yr) 0.000E+00 0.000E+00 2.850E-06 ALEAC(IIS)
R016 Solubitity constant 0.000E+00 ' 0.000E+00 ' not used SOLUBKCI5)

R016 Distribution coefficients for daughter Th-229
R016 ' Contaminated zone (cR3/) ' 2.000E+02 ' 6.000E+04 DCNUCC(16)
R016 ' Unsaturated at 1 t(a**3/g) ' 2.0E+02 I 6.000E+04 3 DCUCU16,l)
R016 3 Saturated zone (ctP*3/g) ' 2.000E+02 6.000E+04 ' DCNUCSC16)
R016 Leach rate (/yr) 3 0.0E+00 ' 0.000E+00 2.850E-06 ALEACN(16)
R016 ' SoLubiLity constant ' 0.000E+00 * 0.000E+00 not used $ SOLUBK(16)

R016 $ Distribution coefficients for daughter Th-232
2016 Contaninated zone (ca*3/g) 2.000E+02 6.000E+04 'CNUCC(17)

R016 ' Unsaturated 2n 1 (ct*3/g) ' 2.00E+02 ' 6.000E+04 -- ' DCNUCU(17,1)
R016 ' Saturated Zone (ctf*3/g) ' 2.000E+02 ' 6.000E+04 ' 3 DCIUCS(l7)
R016 Leach rate (/yr) ' 0.0E+00 ' 0.000E+00 2.850E-06 ' ALEACHCI7)
R016 Sotubiity constant ' 0.000E+00 ' 0.000E+00 not used SOLUOK(17)
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Site-Specific Parameter summery (continued)0 ' User I ' Used by RESRA ' ParameterMenu Parameter I rput Default (If different from user input) ' NameAAXAAAUAAAAAAAiMEEINZMIflIIIINKXKKMHtSHtuIuuslauxanxazxz xm....u.........ana..asnuxx u....n.anx....
R016
R016
k016
R016
R016
R016

R016
R016
R016
1016
R016 *
#016

2016 S

9016
R016
R016
R016
R016

R017 *
R017
R017
R017 *
4017 "
A017 *
4017 *
R017 *

:017
R017 3
R017 3
R017 3
R017 I
R017 3
R017 .
R017 S
S017 3
R017

2.000E+00
2.000E+00
2.000E+00
0.004E+00
0.0006.00

2.000E+0
2.000E+00
2.0001E+00
0.000E+00
0.000E+00

2.000E00
2.000E+00
2.000E+00
0.000E+00
0.000E+00

8.400E+03
1.0006-04
S.O00E+01
4.0001-011
7.000E-01
5.000E-01
2.500E-01
1.000E+00

Distribution coefficients for daughter U-233
Contaminated aon (crf3/g)
Unsaturated one I (cc3/g)
Saturated Z"n (ct3/g)
Leach rate (/yr)
Sotubi Li ty constant

Distribution coefficients for daughter U-235
Contaminated tone (Cti3/)
Unsaturated tons 1 (ct"3/g)
Saturated zone Ccr3/g)
Leach rate (/yr)
SOlLitlity constant

Distribution coefficients for daughter U-236
Contaminated jan (cr3/g)
Unsaturated zon I (c'3S/g)
Saturated zone (cer3/9)
Leach rate (/yr)
Soliility constant

InhaLatlon rate Cr3/yr)
Kass loading for inhalation (g/t-3)
Exposure duration
Shielding factor, irilation
Shielding factor, external gaou
Fraction of time spent indoors
Fraction of time spent outdoors Can site)
Shape factor flag, external Vga
Radii of shape factor array (used if FS - -1):

Outer annutar radius (m), ring 1:
Outer annular radIus (m), ring 2:
Outer annular radius m), ring 3:
Outer annular radius (m), ring 4:
Outer annular radius (a), ring 5:
Outer annular radius (e), ring 6:
Outer aniuter radius (M, ring 7:
Outer annuter radIus (m), ring 8:
Outer annular radius CWO, ring 9:
Outer annutar radius (m), ring 10:
Outer annular radius (m), ring 11i:
Outer annular radius (m), ring 12:

used
used
Used
used
used
used
used
used
used
used
used
used

5.000E+01
5.000E+01
5.000E+01
0.000E+00 I

0.000E+00 $

5.000E+01
5.000E+01
5.000E+01
0.0006.00
0.000E+00

5.000E+01
5.000E+01'
5.000E+01'
0.000E+00
0.0006.00

8.400E+03
1.000-04
3.000E+01 $
4.000E-01 $
7.000E-01 I
5.000E-01'
2.500E-01
1.000E+00'

5.000E+01
7.071E+01 5
0.000E+00
0.000E00
0.000E00
0.000E+00 S

0.000E+00
0.000E+00
0.000E+00
0.000E00
0.000E+00 $
0.00E+00

2.684E-04
not used

2.684E-04
not used

2.684E-04
not used

>0 show circular AREA.

DCMUCC(I8)
DlCUCU(18,1)
DCNUCS01S)
ALEACI8)
SOLUSK(18)

OCNUJC(19)

OCRUCS(19)
ALEACH19)
S0LUSK(19)

DCNLCC(20)
DCKUCU(20,1)
DCNUCS(20)
ALEAC (20)
SOLUB(20)

IMNALR
MLINN
ED
SHF3

FiN
FOTD
FS

RADSHAPE( 1)
RAD SNAPE( 2)
RAD SHAPEC 3)
RAD:SMAPEC 4)
RADSJAPE( 5)
RAOSAPE( 6)
RA6.SSAPE( 7)
RAD SIAME( 8)
RAD SIAPE( 9)
RADSMAPE(I0)
RAD SNAPE(I1)
RADSAPS(12)

C-26

not
not
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Site-Specific Parameter Summary (continued)
$ ' ' User I Used by RESRAD Parameter

Menui Parameter I Input I Default (If different from wacr input) I m

Fractions of
Ring 1
Ring 2
line 3
Ring 4
Ring 5
Ring 6
king 7
Ring a
King 9
Ring 10
Ring 11
Ring 12

annular areas within AREA:

Fruits, vegetables and grain consumption
Leafy vegetable conauMPtion Ckg/yr)
milk consumption (L/yr)
Meat and poultry consuption (kgIyr)
Fish consmption (kg/yr)
Other seafood consumption (kg/yr)
Soil ingestion rate (g/yr)
Drinking water intake (L/yr)

Rol? 3
Roll

Roll
Roll
R01l
Roll
R0l7
R0ll
RollR017
R017

R017 3

Roll
Roll
Roll

R018 i

NOIB

Roll$
Rol$
Rol$l1018

RtOll
Roll
Iola

Roll

R019

R018

10193R019
R019
R019

R019R019
R019
R019
R019
R019
R019
R019

119i
119*
119*
1193
tlf9l*
1019 1

fraction
fraction
fraction
fraction
fraction
Fraction
fraction
fraction

of drinking water
of household water
of Livestock water
of irrigation water
of aquatic food
of plant food
of meat
of milk

Livestock fodder intake for meat (ko/day)
Livestock fodder intake for milk (kg/day)
Livestock water intake for mat CL/day)
Livestock water intake for milk CL/day)
Livestock soil intake (ks/day)
Most Loading for foliar deposition (g/t'3)
Depth of soit mixing layer m)
Depth of roots (m)
Drinking water fraction from ground water
Household water fraction from ground water
Livestock water fraction from ground water
irrigation fraction from ground water

wet wight crop yield for Non-Leafy (kg/W 2)
wet weight crop yield for Leafy (kg/r2)
Wet weight crop yield for Fodder (kg/Vl2)
Growing Season for Non-Leafy (years)
Growing Season for Leafy (years)
Growing Season for Fodder (years)

- not used
not used

' not sed
* not used
$ not used
* not used

not used
' not used

not used
not used
not used
not used

kw/yr) 1.600E+02
1.400E+01

I 9.200E+01
6.300E+01

* 5.400E+00
9.000E-01
3 3.650E+01
7 1.300E+02
1.000E+00

'not used
1.000E+00

'1.00100
5.000E-01

'-1

'1.000E+00
2.732E-01

* 0.0001+00
0.000E+00
0.000.E+00

* 0.000E+00
3 0.000E+00

0.000E+00
0.000E+00
0.000+100
0.000E+00
0.000E+00

S1.600E+02
'1.400E+01

9.200E+01
6.300E+01
5.400E+00
9.000E-01
3.650E+01
5.100E+02

'1.000E+00
1.000E+00
1.000E+00
I.000E+00
5.00OE-01

'-I
'1 '-I
-I '-1

6.OE+01
5.500E+01
5.000E+01
1.600E+02
5.000E-01
1.000E-04
1.500E-Cl
9.000E-01
1.000E+00
not used
1.000E+00
1.000E+00

71.000E-01
1.500E+00
1.100E+00
1.700E-01
2.500E-01
8.000E-02

'6.m00E+01

5.500E+01
S5.000E+01

'1.600E+02
5.000E-01

* 1.000E-C4.
1.500E-01
9.000E-01

'1.000E+00
'1.000E+00
'1.000E+00
'1.000E+00

* 7.000E-01
* 1.500E+00

1.100E+00
1.700E-01

* 2.500E-01
8.DOE-02

C-27

Contamination
Contamination
Contamination
Contamination
Contamination
Contamination
Contamination
Contamination

FRACA( 1)
FRACAC 2)
FRACAC 3)
FRACA( 4)
FRACAC 5)
FRACA( 6)
FRACA 7)
FRACAC 1)
FRACA( 9)
FRACAC(9)
FRACA(11)
FRACA(12)

DIET(1)
DIET(2)
DIE(3)
DIET(4)
DIET(S)
DIET(W
SOIL
DWI

FLW
FIRW
FR9
FPLAWT
FKEAT
FMILK

LF15
LF16
LWIS

LSI
MLFO
ON
DROOT
FGARM
FGUMM
FQULW
FGUIR

yv(i)
YV(2)
YV(3)
TEMi
TEQ2)
TE(3

0.500E+00
0.100E+01
0.100E+01

*
*
*
*
*
*
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Site-Specific Parameter Summary (continued)
0 3 ' User ' I Used by RESKAD ' ParameterManu Parameter * Input I Defalt I (If different from user input) ' MasflfhAfhI&IXIUIIUZIUIUIU IIZNAAAAAAUUUIIZXMAZ AAAAAAAAAAAA AAAAAAAAAAMUAAA AAAAAUMW AAUA AAEA

R19B TransLocation Factor for Mon-Leafy 1.00CE-01 1.0001E-01 TIV(1)R191 ' TransLocation Factor for Leafy ' 1.000E+00 ' .000E+00 ' -- ' TIV(2)R199 3 Translocation Factor for Fodder 1.000E+00 ' t.OOE+00 3 --- TIV(3)R190 ' Dry Fotiar Interception Fraction for Mon-Leafy 2.50E-01 2.500E-01 --- RDRYO)R19 Dry Foller Interception Fraction for Leafy ' 2.500E-01 2.500E-01 ' --- RDRY(2)19$ ' Dry Foliar Interception Fraction for Fodder 2.500E-01 ' 2.500-01 -- RY(3)R198 3 Wet Foliar interception Fraction for Non-Leafy 2.500E-01 2.500E-01 --- ' hET(l)
R19 W et Foliar Interception Fraction for Leafy 2.500E-01 2.500E-01 -- " RWET(2)
R190 W et Foljar interception Fraction for Fodder 2.500E-01 ' 2.500E-01 RWET(3)R19B Weathering Removal Constant for Vegetation 2.000E+01 3 2.000E+01 -i-- LAN

C14 ' C-12 concentration in water (glcm#3) not used 2.000E-05 ' -- C12WTRC14 C-12 concentration in contaminated soil (g/g) * not used 3.000E-02 -C12CZ
C14 ' Fraction of vegetation carbon from soil ' not used 2.000E-02 ' - CECILC14 Fraction of vegetation carbon from air not used 9.800E-01 -- CAIR
C14 C-14 evasion layer thickness in soil im) not used ' 3,000E-01 - ' wMC
C14 * C-14 evasion flux rate from soil (I/c) not used 7.000E-07 ' EVS
C14 ' C-12 evasion fLux rate from soil (I/sec) not used .OOE-10 --- REVnCI4 ' Fraction of grain in beef cattle feed ' not used 8.000E-01 --- AVFG4
C14 Fraction of grain in milk com feed ' not used 2.000E-01 ' AVFG5
C14 DCF correction factor for gaseous forms of C14 ' not used 8.894E*01 ' -- $ C02F

STOR 3 Storage times of contaminated foodstuffs (days): 
STOR Fruits, non-leafy vegetabLes, and grain * 1.400E+01 1.400E+01 3 STORT(I)

TOR * Leafy vegetables 1.OCE+00 1.000E+00 -- STOR T(2)STOR Milk ' t.OOE+00 $1.000E+00 -TOR T(3)
$TOR 3 Meat and poultry 2.000E+01 2.000E01 ' --- ' STOI(4)STR ' Fish ?.ODOE+00 3 7.000E+00 ' --- STOR T(S)
STOR * Crustaces and mollusks 7.000E+00 7.000E+00 3 . STaR T()ITOR ' Well water I.000E+00 OOOE+00 -- ' STOC T(?)STOR surface water ' 1.000E+00 I 1.COE+00 * -- STORT(8)STOR Livestock fodder 4.500101 4.500E+01 STORJT(9)

R021 * Thickness of building foundation (m) 3 not used ' 1.50DE-01 ' ' FLOORIR021 Bulk density of building foundation (g/ctae3) not used 2.400E+00 ' -- DINSFLR021 * Total porosity of the cover material not used 3 4.000E-01 --- PCV
R021 ' Total porosity of the building fondation not used 1.000E-01 TPFLR021 Volumetric water content of the cover matorial not used 5.000E-02 - PH20CV
R021 I Volumetric Mater content of the foundation not used 3.000E-02 PK20FL9021 I Diffusion coefficient for radon gas (/sec): '

R021 ' in cover material not used O2.000E-06 DIFCV
R021 I in foundation materiaL not used 3.ODDE-07 DIFFLR021 in contaminated zone soIl not used 3 2.000E-06 - DIFCZR021 ' Radon vertical diversion of mixing (m) not used ' 2.0001+00 HI-R021 Average building air exchange rate (/hr) ' not used 5.000E-01 --- ' REXG
R021 3 Height of the building (room) (m) not used 2.500E+00 ' -- iAN
R021 Building interior area factor ' not used 0.000E+00 at' FAR021 B Building depth belom ground swface (m) not used -- t.O0E+00 -- DMFLR021 Emanating power of Rn-222 gas ' not used 2.50-01 * --- EMANACI)R021 Emanating power of Rn-220 gas ' not used ' 1.500E-01 3-- EMAIA(2)
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Sit.-Specific Parameter Summary (continued)
0 ' User I I Used by RESRAD Parameter

Henm 3 Parameter Irpit 3 Default I (if different from user Input) mase

TITL Number of graphical time points ' 64 -- --- ' NPTS
TITL M Maximum number of integration points for dose 5 -- ' - LYMAX
TITL I Maxinum number of integration points for risk ' 17 --- -- KYNA

Sumary of Pathway Selections

Pathway I User Selection
AUKAIUAAU 1MAAAAAAAAAAAIAAXIIAAAAAAAAIAA

1 -- externat Nam active
2 -- inhalation (w/o redo.)' active
3 -- plant ingestion active
4 - meat ingestion active
5 - milk ingestion ' active
6 -- aquatic foods active
7 -- drinking water ' active
$ -- soit ingestion 3 active
9 - radon suppressed
Find peak pathway doses ' active

fi i ii 11 i lif filiiffif il IIIIHIIIIII HIIIIII II
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Dose Conversion Factor (and Rotated) Parameter Swamry
File: HEAST 2001 Norbidity

0 3 Current ' Parameter
Menu I Parameter ' Value ' Default NIam
AAAAAAAAAAAAAAAAAAAAAAAfAAXMAAAAAAAAAAAAAAAAAAAAAAAAAMAAAAAAAAAMAAAAAAAAAAAAAAAAAAAMAAAAAAAAAAAAAAAA
B-1 ' Dose conversion factors for inhalation, mreivpCi:
B-1 ' Ac-227+D 6.720E+00 6.720E+00 I DCF2( 1)
B-1 AM-241 ' 4.440E-01 4.40E-01 DCF2( 2)
B-I Co-60 2.190E-04 2.190E-04 ' DCF2( 3)
B-1 Cs-137+0 ' 3.190E-05 ' 3.190E-05 ' DCF2( 4)
B-1 Eu-154 ' 2.860E-04 2.860E-04 * DCF2( 5)
3-1 ' Eu-155 4A40E-05 ' 4.140E-05 ' DCF2( 6)
B-1 Ni-63 ' 6.290E-06 6.290E-06 I DCF2( 7)
B-1 ' Np-237+D 5.400E-01 5.400E-01 I DCF2( 8)
B-1 ' Pa-231 $ 1.280E+00 ' 1.280E+00 I DCF2( 9)
0-1 Pu-239 4.290E-01 4.290E-01 DCF2(10)
B-1 ' Pu-240 ' 4.290E-01 ' 4.290E-01 OCF2CI1)
B-1 Ra-228+ ' 5.080E-03 5.080E-03 ' DCF2(12)
B-1 Th-228+0 ' 3.450E-01 3.450E-01 ' DCF2(13)
B-1 Th-229+D ' 2.160E+00 ' 2.160E+00 ' DCF2(14)
B-1 Th-232 1.640E+00 1.640E+00 ' DCF2C5)
8-1 u-233 1.350E-01 1.350E-01 DCF2(16)
B-1 ' U-235+D ' 1.230E-01 1.230E-01 OCF2(17)
B-1 U-236 1.250E-01 1.250E-01 DCF2C18)

0-1 Dose conversion factors for ingestion, rem/pCi:
0-1 Ac-227+D 1.480E-02 1.480E-02 I DCF3( 1)
0-1 Am-241 3.640E-03 3.640E-03 I DCF3C 2)
D-I Co-60 2.690E-05 ' 2.690E-05 DCF3C 3)
D-1 ' Cs-137+0 5.000E-05 5.000E-05 ' DCF3( 4)
D-1 ' Eu-154 9.550E-06 9.550E-06 DCF3( 5)
0-1 Eu-155 1.530E-06 1.530E-06 ' DCF3( 6)
0-1 Ni-63 5.770E-07 I 5.770E-07 DCF3( 7)
0-1 ' Np-237+D 4.440E-03 I 4.440E-03 DCF3( 8)
D-1 Pa-231 1.060E-02 I 1.060E-02 D OCF3( 9)
D-1 Pu-239 3.540E-03 I 3.540E-03 ' DCF3(10)
0-1 Pu-240 3.540E-03 3 3.540E-03 DCF3(11)
D-1 ' Ra-228+D 1.440E-03 I 1.40E-03 DCF3(12)
D-1 Th-228+D ' 8.080E-04 ' 8.080E-04 DCF3(13)
D-1 Th-229+D ' 4.030E-03 * 4.030E-03 * 0CF3(14)
D-1 Th-232 ' 2.730E-03 2.730E-03 DCF3(15)
D-1 ' U-233 2.890E-04 2.890E-04 ' DCF3(16)
D-1 U-235+D ' 2.670E-04 2.670E-04 DCF3(17)
D-1 U-236 2.690E-04 2.690E-04 DCF3(18)

D-34 ' Food transfer factors:
D034 Ac-227+D , plant/soil concentration ratio, dimensiontess 2.500E-03 2.500E-03 ' RTF( 1,1)
D-34 Ac-227+D , beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) 2.000E-05 a 2.000E-05 ' RTF( 1,2)
D-34 Ac-227+D , milk/Livestock-intake ratio, (Ci/L)/(pCi/d) 2.OOE-05 * 2.000E-05 ' RTF( 1,3)
D-34 3

D-34 ' Am-241 , plant/soil concentration ratio, dimensionless 1.000E-03 1.000E-03 ' RTF( 2,1)
D-34 ' Am-241 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) I 5.000E-05 I 5.000E-05 ' RTF( 2,2)
D-34 I Am-241 , milk/tivestock-intake ratio, (pCi/L)/(pCi/d) I 2.000E-06 * 2.000E-06 #TF( 2,3)
0-34 

3
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Dose Conversion Factor (and Related) Parameter Sumeary (continued)
Fite; HEAST 2001 Morbidity

0 ' 
' Current ' ' Parameter

men Parameter I Value 3 Default u ale
RAAA AAMUAAAAAAMHA AAAAAMA M AAMAAAAAMAAAAAAAAAAWAUMAiWAAAAAAAUM MAAMA

D-34 3 Co-60 plant/soiL concentration ratio, dimensionless ' 8.OOOE-02 8.000E-02 ' RTFC 3,1)

D-34 I Co-60 beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 2.000E-02 ) 2.000E-02 ' RTF( 3,2)

D-34 I Co-60 milk/iivestock-intake ratio, (pCi/L)/(pCi/d) 2.OOE-03 2.000E-03 RTF( 3,3)
0-34 I
D-34 I Cs-137+D , plant/soil concentration ratio, dimensionless ' 4.000E-02 ' 4.OOOE-02 ' RTF( 4,1)

0-34 I Cs-137+D , beef/tivestokck-intake ratio, (pCi/kg)/(pCi/d) ' 3.000E-02 ' 3.000E-02 ' RTF( 4,2)

D-34 I Cs-137+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 8.000E-03 8.000E-03 ' RTFC 4,3)

D-34 $
0-34 ' Eu-154 plant/soit concentration ratio, dimensionless ' 2.500E-03 ' 2.500E-03 ' RTf( 5,1)

0-34 ' Eu-154 beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) 3 2.OOOE-03 I 2.OOE-03 3 RTF( 5,2)
D-34 ' Eu-154 , milik/livestock-intake ratio, (pCi/L)/(pCi/d) 2.000E-05 ' 2.OOE-05 RTF( 5,3)

0-34 1

D-34 ' Eu-155 plant/soit concentration ratio, dimensionless 2.500E-03 RTF( 6,1)
D-34 3 Eu-155 beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) 2.000E-03 ' 2.000E-03 ' RTF( 6,2)

D-34 ' Eu-15S , miLk/livestock-intake ratio, (pCi/L)/(pCi/d) 2.00E-05 2.000E-05 RTF( 6.3)

D-34 '

D-34 ' #I-63 plantlsoil concentration ratio, dimensionless ' 5.000E-02 ' 5.000E-02 ' RTF( 7,1)

D-34 ' NI-63 beef/livestock-intake ratio, (pCi/kg)/(pCi/d) ' 5.000E-03 ' 5.000E-03 RTF( 7,2)

D-34 Ni-63 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2.OOE-02 2.OOE-02 RTF( 7,3)

D-34 3
D-34 3 Np-237+D , plant/soit concentration ratio, dimensionless ' 2.000E-02 ' 2.000E-02 ' RTF( 8,1)
0-34 ' Np-237+D , beef/livestock-intake ratio, (pCI/kg)/pCi/d) 3 1.000E-03 3 1.000E-03 3 RTF( 8.2)
D-34 Np-237+0 miLk/livestock-intake ratio, (CpCi /pCid) 5.000E-06 5.000E-06 I RTF( 8,3)

0-34 I

D-34 Pa-231 plant/soil concentration ratio, dimensiontess 1.000E-02 ' 1.000E-02 3 RTFC 9,1)
0-34 3 Pa-231 beef/Livestock-intake ratio, (pCi/kg)/CpCi/d) ' 5.000E-03 5.000E-03 I RTF( 9,2)
0-34 ' Pa-231 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.00E-06 I 5.000E-06 3 RTF( 9,3)

0-34 ' 3

0-34 Pu-239 plant/soit concentration ratio, dimensionless 1.000E-03 ' .000E-03 ' RTF(10,1)

0-34 ' Pu-239 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.00E-04 ' t.0OE-04 ' RTF(10,2)

D-34 ' Pu-239 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) ' 1.000E-06 ' 1.000E-06 RTFCIO,3)

D-34 3

0-34 ' Pu-240 , plant/soil concentration ratio, dimensiontess ' 1.000E-03 ' t.OOE-03 RTF(11,1)

0-34 ' Pu-240 , beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) ' 1.000E-04 ' 1.000E-04 ' RTF(11,2)

0-34 ' Pu-240 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 1.000E-06 1.000E-06 ' RTF(11,3)

D-34
0-34 ' Ra-228+D , plant/soil concentration ratio, dimensionless 3 4.000E-02 4.00E-02 ' RTF(12,1)

0-34 ' Ra-228+D , beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) $ 1.000E-03 '.OOQE-03 ' RTFC12,2)

D-34 ' Ra-228+D , milk/livestock-intake ratio, (pci/L)/(pCi/d) '.000E-03 1.000E-03 RIF(12,3)

0-34 s
D-34 ' Th-228+D , plant/soit concentration ratio, dimensiontess 1.000E-03 ' .000E-03 RTF(13,1)

D-34 3 Th-228+D , beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) ' 1.000E-04 ' 1.000E-04 ' RTF(13,2)

0-34 ' Th-228+0 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 5.00E-06 RTF(13,3)

0-34 
'

0-34 3 Th-229+D , plant/soit concentration ratio, dimensionless ' 1.000E-03 ' 1.000E-03 ' RTF(14,1)

0-34 ' Ih-229+0 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-04 ' 1.000E-04 RTF(14,2)
0-34 ' Th-229+D , mitk/Livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 5.00E-06 RTF(14,3)

D-34 

3

C-35



CVP-2006-00004
Rev. 0
For Approval

1RESRAD, Version 6.21 T. Limit = 0.5 year 05/07/2004 10:14 Page 4
Sunary : 116-N-1 RESRAD Evaluation of Overburden for Backfitt
File : 116-N-1_OverburdenRESRADCdtcBrief.RAD

Dose Conversion Factor (and Related) Parameter Sumary (continued)
Fite: MEAST 2001 Morbidity

0 ' 1 Current 1 3 Parameter
Menu 3 Parameter I Value I Default I Name
AAMUAAUAAAAAAAAAAA AAAU AAAAAAAA AAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAUMAAAAAAA
0-34 3 Th-232 , plant/soil concentration ratio, dimensionLess
0-34 3 Th-232 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
0-34 ' Th-232 , miLk/livestock-intake ratio, (pCi/L)I(pCi/d)
0-34 -
0-34 U-233 , plant/soit concentration ratio, dimensionless
0-34 ' U-233 , beef/l ivestock-intake ratio, (pCiIkg)/(pCi/d)
0-34 ' U-233 , mitk/Livestock-intake ratio, (pCI/L)/(pCi/d)
0-34
0-34 U-235+0 , plant/soit concentration ratio, dimensionless,
0-34 U-235+D , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d)
0-34 U-235+D , miLk/livestock-intake ratio, (pCi/L)/(pCi/d)
0-34
0-34 U-236 , pLant/soi I concentration ratio, dimensionLess
0-34 3 U-236 , beef/livestock-intake ratio, (pCi/kg)/(pCl/d)
0-34 U-236 , milk/livestock-intake ratio, (pCi/L)/(pCi/d)

0-5 ' Bioaccumulation factors, fresh water, L/kg:
' Ac-227+D
' Ac-227+D

SM-241
Am-241

Co-60
Co-60

fish
, crustacea and mottusks

fish.
, crustacea and mollusks

, fish
crustacee and mo lusks

Cs-137+0 , fish
Cs-137+0 , crustace. and moltlusks

Eu-154
Eu-154

Eu-155
Eu-155

, fish
crustacee and mollusks

fish
crustacea and mollusks

Ni-63 , fish
Ni-63 , crustacea and moLLusks

Np-237+D , fish
* Np-237+D , crustacea and mollusks

' Pa-231
Pa-231

, fish
crustacea and mollusks

Pu-239 , fish
Pu-239 , crustacea and mol tusks

Pu-240
Pu-240

fish
crustacea and mollusks

1.000E-03
1.OOE-04 3

5.000E-06

2.500E-03
3.400E-04
6.000E-04

2.5OOE-03
3.400E-04
6.OOOE-04

2.50OE-03 3

3.400E-04
6.000E-04

1.500E+01 3
1.000E+03 3

3.00E+01
1.000E+03 3

3.000E+02
2.OOGE+02

3 2.000E+03
- .COOE+02

5.000E+01
1.000E+03

5.000E+01
* 1.000E+03

1.000E-03
1.000E-04
5.000E-06

2.500E-03
3.400E-04
6.000E-04

2.500E-03
3.400E-04
6.000E-04

2.500E-03
3.400E-04
6.000E-04

RTF(15,1)
RTFC15,2)
RTF(15,3)

RTF(16, 1)
RTF(16,2)
RTF(16,3)

RTF17, 1)
RTF(17,2)
RTF17,3)

RTF(18,1)
RTF(18,2)
RTF(18,3)

I
1.500E+01 BIOFAC( 1,1)
1.000E+03 BIOFAC( 1,2)

3.000E+01
1.000E+03

3.000E+02
2.000E+02

2.000E+03 3
1.000E+02

5.000E+01 3

* 1.000E+03

BIOFAC(
BIOFAC(

BIOFAC(
BIOFAC(

810FAC(
BLOFAC(

BIOFAC(
SIOFACC

2,1)
2,2)

3,1)
3,2)

4,1)
4,2)

5,1)
5.2)

5.000E+01 ' BIOFAC( 6,1)
1.000E+03 ' BIOFAC( 6,2)

* 1.000E+02 3 1.000E+02
I1.000E+02 1.000E+02

BIOFAC( 7,1)
BIOFAC( 7,2)

3.000E+01 ' 3.000E+01 ' SIOFAC( 8,1)
4.000E+02 4.000E+02 BIOFACC 8,2)

1.000E+01 ' 1.000E+01 BIOFAC( 9,1)
1.100E+02 1.100E+02 BIOFAC( 9,2)

* 3.000E+01 ' 3.000E+01
1.000E+02 1.000E+02

3.000E+01 3.000E+01
1.0000E+2 1.000E+02

BIOFAC(10,1)
BI0FAC(10,2)

BIOFAC 11,1)
SIOFACC11,2)
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Dose Conversion Factor Cand Related) Parameter Summary (continued)
File: HEAST 2001 Morbidity

0 ' ' Current I I Parameter
Menu I Parameter I Value ' Default * Name
AAAAAAAAAmAuAA AAAMAAAAAA AAA AAAM AAAMAAMAnAAAAAAMAAAAA AAAM

D-5 ' Ra-228+D , fish 5.000E+01 * 5.000E+01 ' BIOFAC(12,1)
D-5 3 Ra-228+0 , crustacea and mollusks 2.500E+02 2.500E+02 BIOFAC(12,2)

0-5 Th-228+D , fish
D-5 Th-228+D ', crustacea and molLusks
D-5
0-5 3 Th-229D , fish
D- 5 Th-229+D , crustaces ard mollusks
D-5
0-5 ' Th-232 fish
D-5 I Th-232 crustacea and mollusks
D-53
D-5 ' U-233 fish
0-5 I u-233 crustacea and mollusks
0-5 1
D-5 U-235+D fish
0-5 U-235+0 crustacea and mollusks
0-5
D-5 U-236 fish
D-5 U 1-236 crustaces and mollusks $

Iif 1111II iif! tIif iffi III! I if if iiiiiII ff [III IIII!III i1tif Iif II

I.OE0 1.00QE+02 3
5.000E+02 5.000E+02

1.000E+02 $ 1.000E+02
5.000E+02 5.000E+02

BIOFAC(13,1)
BZOFAC(13,2)

BIOFAC14,1)
BIOFAC(14,2)

1.000E+02 1.ODOE+02 'BOFAC(15,1)
5.OOOE+02 5.000E+02 BSOFAC(15,2)

1.000E+01 * 1.000E+01 BIOFAC(16,1)
6.000E+01 6.000E+01 BIOFAC(16,2)

1.000E+01 1.O0OE+01 BIOFAC(17,1)
6.000E+01 6.000E+01 BIOFAC(17,2)

1.OOOE+01 ' 1.000E+01 BIOFAC(18,1)
6.000E+01 6.OOOE+01 BIOFAC(18,2)
III iI11I [ 111II I111111 fill iil
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Site-Specific Parameter Summary
0 1 User I Used by RESRAD Parameter
Menu 3 Parameter I Input 3Default (If different from user Input) N ame
AAAA AxIAAAAAAAPXflhAklIAAAAAIAXAAAMAM AAAAMAAM A MAiASBASAAAAAMAAU IAAAAiAMAAMAAAAAAAAAA
ROIl ' Area of contaminated zone (S*2) ' 1.24E+04 ' l.OOE+04 ' ' AREA
Rma1 I Thickness of contaminated zone Cm) * 4.600E+00 ' 2.O00E+00 ' -- THICKO
R011 Length parallel to aquifer flow (a) 1.200E+02 3 l.O0OE+02 - * LC2PAQ
ROll I Basic radiation dose Limit (mrem/yr) l.500E+01 ' 2.500E+01 -' BROL
ROll 1 Time since pLacement of material (yr) ' 0.OOOE+00 * 0.000E+00 TI
RO1l 3 Times for calculations (yr) 1.000E00 * l.OOOE+00 --- T( 2)
ROll * Times for calculations Cyr) * 3.000E00 3.TOOE+OO C( 3)
ROll Times for calculations Cyr) ' 7.600E+O t.OO0E+01 TC 4)
R011 Times for calculations Cyr) ' 1.400E+01 ' 3.OOE+01 --- * ( 5)
ROl I Times for calculations (yr) 3 4.200E+01 ' 1.0OE+02 I ( 6)
RoIl Times for calculations Cyr) * l.OOE+02 3.OOOE+02 '3 7)
Roll ' Times for calculations (y) 1.370E+02 ' 1.OOE+0 3 8)
R11 ' Times foe catculations (yr) * 3000E+02 ' O.COOE+00 T 9)
Roll Times for calculations Cyr) * 1. E+03 C.ODOE+00 T(10)

R012 Initial principaL radionuclide (pCi/i): AM-241 ' 4.200E-02 O.000E+ ( SIC 2)
R012 ' Initial principaL radionuclide (pCi/g): Co-60 5.500E-01 O.OOOE+00 -SC 3)
R012 Initial principaL radionucLide (pC/g): Cs-137 1.200E+O ' O.OOOE+00 S SIC 4)
R012 * Initial principal radionuclide (pCil/g): Eu-154 ' 2.200E-02 O.OOE+O0 * SIC 5)
R012 ' Initial principal radionuclide (pCi/g): Eu-155 1.700E-03 ' t.DOE+00 ' - SIC 6)
R012 * Initial principal radionuclide (pCi/a): Ni -63 ' 2.870E+00 O.OOOE+ --- S S1( 7)
R012 ' Initial principal radionuclide CpCi/g): Pu-239 2.200E-03 OOCOE+00 -- 51(10)
R012 ' Initial principal radionuclide CpCi/g): Pu-240 5.OO0E-04 O.00OE+OO -- 51(11)
R012 * Concentration In groundwater (pci/): MA-241 not used 3 O.000E+0O -- Wi( 2)
R012 ' Concentration in groundwater (pCi/L): Co-60 not used 3 .000E+a0 'I ( 3)
R012 ' Concentration In groanduater (PCI/L): Cs-137 not Used .OO00E+00 ' W-(*1 4)
R012 ' Concentration in groundwater (PI/L): Eu-154 not used O.OOD00E+O0 ' * S11 5)
R12 ' Concentration in grouidwater (pCi/L): Eu-155 ' not used O.OOOE+00 -- I1( 6)
ROt! Concentration in groundwater (pCi/L): Ni-63 not used O.OOOE+00 W -Id1( 7)
R012 ' Concentration in grctreater (pCi/I); Pu-239 not used 0.000E+00 0--- ' w 0)
RO12 Concentration in groutdater (pCi/L): Pu-240 not used O.OOOE+00 Wi(lt)

R013 Cover depth (m) O.OOE+00 ' C.ODOE+00 ' -COVER

R013 Density of cover material g/ca"3) ' not used 3 1.50E+OD DENSCV
R013 I Cover depth erosion rate (Wyr) not used 1.OOOE-03 ' -WCV

R013 ' Density of contaminated zone Cg/ctf3) 2.000E+00 l.SOE+00 - *ESC
R013 ' Contaminated zone erosion rate (a/yr) 1.OOOE-03 1.0-0 --0 VCZ
R013 contaminated zone total porosity 3.00E-01 ' 4.000E-01 TPCZ
R013 * Contaminated zone field capacity ' 2.500E-01 2.000E-01 --- FCC!
#013 Contaminated tone hydraulic conductivity (m/yr) 2,50M+02 I .OOCOE+01 3 I HCCZ
R013 * Contaminated zone I, parmeter 4.050E+00 ' 5.300E+00 -- Sc2
R013 I Average arnal wind speed (CW/ec) ' 3.400E+0 ' 2.OOOE+00 -- W IND
R013 ' Huaidity in air (gf/r3) not used 8.OOOE+00 ' WHUMID
R013 ' Evapotranspiration coefficient 9.100E-01 5.OOOE-Oi EVAPTR
R013 Precipitation (m/yr) 1.600E-01 1.0OOE-+0 --- PRECIP
R013 * Irrigation C.Vyr) 7.600E-01 $ 2.OOE-01 -- RI
R013 * Irrigation mode overhead 3 overhead 3 --- ITCH
R013 I Runoff coefficient 2.000E-01 2.OOE-01 --- RUWOFF
R013 w Watershed area for nearby stream or pond (C*2) I.OO0E+06 t1.OE+06 V--- I AREA
R013 I Accuracy for water/soil computations 1.O0E-03 l.OODE-03 -- EPS
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Site-Specific Parameter Sumary (continued)

0 1 User I ' Used by RERAD Parameter

M Parameter . Input $ Default ' (if different from user input) Name

R014 Density of saturated zOne (gfd g3) c 2.000E+00 1.50 0 0  DENSAQ

R014 Saturated zone total porosity 3.000 l E-01 4.000E-01 ' --- TPSZ

R014 ' Saturated zone effective porosity 2.500E-01 ' 2.00E-01 EPSZ

R014 Saturated zone field capacity 2.000E-01 2.000E-01 ' -- FCSZ

a14 Saturated zone hydraulic conductivity (m/yr) 3 5.530E+03 LO.OE+O2 ' -- HCSZ

R014 I Saturated zon hydraulic gradient 1.250E-03 ' 2.000E-02 G -- 10T

R014 Saturated zone b paraieter I not used 5.300E+00 ' --- B3 l

R014 3 Water table drop rate (C/yr) ' 0.000E+00 1.0001-03 ' - W T

R014 V eil pump intake depth (a beLow water table) 4.600E+00 1.000E+01 D

R014 M odel; Mondispersion (ND) or Mass-Balance (Mi) S NO -' EI

R014 w Uell puwping rate (ts*3/yr) 2.500E+02 2.500E+02 ... Uw

1015 Number of Unsaturated zone strata 'I '1 ' NS

R015 I Unsat. zone 1, thickness (M) ' 1.390E+01 4.000E+00 --- "M

R015 unsat. zone J, soit density (g/en*3) 2.000E+00 ' 1.500E+00 ' DENSU2(1)

R015 3 Unst. Zn 1, total porosity ' 3.000E-01 4.000-1 TPUZ)

RPo5 Unsat. zone 1, effective porosity ' 2.500E-01 2.000E-01 Epu ()
glll ' Unsat. zone 1, field capacity 2.500E-01 2.000E-01 -- Urt)
R015 I unsat. Ione I, soll-specific b parameter 4.050E+00 ' 5.300E+00 -UZO1)

ROl ' Unsat. zone 1, hydraulic conductivity (alyr) 2.500E+02 ' 1.000E+01 HCUZ(1)

R016 Distribution coefficients for M-241
R016 ' Contaminated zone (ca*3/) 2.OOOE+02 2.OOOE+01 DCNUCC( 2)

R016 Unsaturated zone I (ctd*3/s) ' 2.000E+02 ' 2.000E+01 DCNUCU( 2,1)

R016 Saturated one (CC"3/9) 2.000E+02 ' 2.000E+01 - DCNUCS( 2)

R016 3 Leach rate (/yr) ' 0.000E+00 ' 0.000E+00 4.341E-05 ALEACII 2)

R016 3 Solubility constant 0.000E+00 0.000E+00 not used SoLtuK( 2)

R016 ' Distribution coefficients for Co-60 3

R016 Contaminated zone (ct"3/g) 5.000E.01 1.000E-03 ' -CNCC( 3)

R016 3 Unsaturated Zone I (ct**3/9) 5.000E+01 1.000E+03 DCNUCU( 3,1)

R016 Saturated Zone (ct-3g) 5. OCE+01 ' 1.000E+03 DCNUCS( 3)

R016 * Leach rate (/yr) 0.000E+00 ' 0.000E+00 * 1.733E-04 ALEACM( 3)

2016 ' Solubility constant 0.000E+00 0,OOOE+00 not used SOLUBK( 3)

R016 ' Distribution coefficients for Cs-137
R016 3 Contaminated ZO (COP3/g) 5.000E+01 ' 1.000E+03 -" OCMUCC( 4)

R016 Unsaturated zone 1 (cct3/g) 5.000E+01 ' 1.OOE03 -CNUCUC 4,1)

R016 ' Saturated zone (ctl*3/g) 5.000E+01 ' 1.000E+03 '-DCMUCS( 4)

R016 Leach rate (/yr) 0.000E+00 $ 0.000E+00 1.733E-04 ALEACN( 4)

R016 I SoLtbi lity constant 0.000E+00 0.000E+00 not used SOLUBK( 4)

R016 Distribution coefficients for Eu-154
R016 ' Contaminated zone (c"3/g) 2.000E+02 -1.000E+00 ' --- DCNICC( 5)

R016' Unsaturated zone I (cc*3/g) ' 2.000E+02 -1.000E+00 I --- OCNUCu( S,1)

R016 saturated zone (cm*3/g) 1 2.000E+02 1-1.000E+00 ' OCNUCS( 5)

016 i Leach rate (/yr) 0.000E+00 ' 0.000E+00 4.341E-05 ALEACN( 5)

R016 3 Solubility constant 3 0.000E+00 ' 0.000E+00 ' not used SOLUBK( 5)
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SIte-Specific Parameter Simary (continued)
0 3 ' User I Used by RESRAD ' ParneterKeu * Parameter ' Irput 1 Default ' (If different from user input) * sae

R016 D bistribution coefficients for Eu-155I
3016 I Contleinated zone (ci*3/g) ' 2.00E+02 -1.000E+00 ' -- DCMUCC( 6)
R016 3 Unsaturated zone 1 (cmfl 3/g) I 2.000E+02 l1.000E+00 ' . DCMUCU( 6.1)
R016 ' Saturated zone (cm**3/g) 2.OOOE+02 'l.OOE+00 I DCNUCSC 6)
R016 Leach rate (/yr) ' OOOOE.0 0 ' O.OOE+00 I 4.341E-05 ALEACH( 6)
R016 Solubility constant ' 0.000E+00 000E+00 not used S0LUBK( 6)

R016 Distribution coefficients for NI-63 *
R016 ' Contnainated zone (cr*3/) ' 3.000E+01 3 1.000E+03 ' DCIUCC( 7)
R016 U Unsaturated zone I (ct*3/g) ' 3.000E+01 1.000E+03 --- DCMJCU( 7,1)
R016 ' Saturated zone (cc*3/g) ' 3.000E+01 1.000E+03 -- ' DCXUCSC 7)R016 3 Leach rate (/yr) ItOOCE+CO 0.000E+00 I 2.884E-04 ' ALEACH( 7)
R016 ' SolubiIity constant ' 0.000E+00 ' 0.000E+00 I not used A SOLUSK( 7)

R016 3 Distribution coefficients for Pu-239 '

R016 * Contaminated zone (c*3/s) 2.000E+02 2.OOOE+03 -- 3 OCNUC(10)
R016 3 Unsaturated zone I (c*3/9 ) ' 2.OOOE02 2 2.000E+03 -- DCNUCU(10,1)
R016 * Saturated zone (cs*3/g) 2.00*E+02 I 2.OOOE+03 --. OCNUCS(10)
R016 iLeach rate C/yr) ' 0.000E+00 0.OOE+00 4.341E-05 ALEACH(10)
R016 3 Solbility constant ' 0.000E+00 0O.000E+00 not used SOLUBKC0)

3016 ' Distribution coefficients for Pu-240 ' '

4016 ' Contaminated zone (tt*3/9) ' 2.000E+02 2.000E+03 , * DCNUCC1I)
R016 ' Unsaturated ton. Ict**3/g) ' 2.000E+02 I 2.000E+03 ' DCNCU(11.1)
9016 Saturated Zone (ct*3/g) ' 2.000E+02 2.000E+03 ' - DCNUCS(C1)
R016 ' Leach rate (/yr) ' 0.000E+00 I 0.000E+00 4.341E-05 ' ALEACH(11)
R016 Solitbiity constant ' 0.000E+00 0.000E+00 not used SOLUBK(11)

0016 Distribution coefficients for daughter Ac-227
R016 ContamInated zone (co*3/g) .OOE+Dl 2.OOE+01 -- DCWUCC( 1)
R016 ' Unsaturated zone I (etl3/g) ' 2.OOE+ 2.000E+01 ' .. OC.UCU( 1.1)R016 3 Saturated zone (cmS*3/g) 2.000E+01 2.O00E+01 --- 3 OCBUCS( 1)
3016 ' Leach rate (/yr) ' 0.000E+00 0.000E+00 ' 4.316E-04 3 ALEACH( 1)
R016 ' Solubility constant ' 0.000E+00 3 0.000E+00 not used SOLUOK( 1)
R016 ' Distribution coefficients for daughter Kp'2 37
R016 ' Contauinated zone (ca-3/g) '-1.000E+00 '-1.000E.00 2.574E+02 ' DCNUCCC 8)
R016 Unsaturated zone I (cn*]3Ig) "1.000E+00 -1.000E+00 2.574E+02 DCMUCU( 8,1)
3016 saturated zone (cWr*3/g) '-1.000E+00 '-1.000E+00 ' 2.574E+02 DCNUCS( B)R016 Leach rate (/yr) 0.000E.00 I 0.000E+00 3.373E-05 ' ALEACH( 8)
R016 ' Solbility constant * 0.000E+00 ' 0.000E+00 not used SOLUBK( 5)

R016 3 Distribution coefficients for daughter Pa-231
R016 Cotaeinated zone (Co.*3/g) ' 5.000E+01 5.000E.01 DCNUCC( 9)R016 ' Unsaturated zone 1 (c"3/g) 5.000E+01 ' 5.000E+01 OCNUCU( 9,1)R016 ' Saturated zone Cct-*3/9) ' 5.000E+01 ' 5.000E+01 DCPUCS( 9)
R016 Leach rate (/yr) 0.000E+00 ' 0.000E00 . 1.733E-04 ' ALEACH( 9)
3016 2 Soltubility constant ' 0.000E+00 0.000E+00 not used SOLUSK( 9)
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Site-Specifit Parameter Sunary (continued)
I User I Used by RESRAD parameter

Menu Parameter ' Input IDefault (If different from user input) Name
M X M WAAU UAAUMMAAMkk LW M MRHKHERAAA BEAA AAAAAMUXAAWA AAAAAAAXDMAR
R016 3 Distribution coefficients for daughter Ra-228 '

R016 3 Contstitited zone (cs**3/) I 7.000E+01 7.OOOE+01 -'DCNUCC(12)

R016 IUnsaturated zone 1 (ctt3/g) * 7.000E+01 I 7.000E+01 I *0CJCU(12,1)

#016 3 Saturated zone (clt*3/9) 3 7.OOE+01 7.000E.01 I--- OCNUCSCIZ)

R016 ' Leach rate (/yr) 0.000E+00 0.OOE+00 ' 1.239E-04 ALEACH(12)

R016 SoltuiLity constant 0,000E+00 0.000E+00 ' not used SOLUBK12)

R016 Distribution coefficients for daughter Th-228 3 
3

2016 I Contaminated zoe (ccf*3/g) 6.OODE+04 $ 6.000E+04 'OCIICC(13)

R016 i Unaturated zone I (cm-*3/g) 6.000E+04 3 6.000E+04 --- DCNUCU(13,1)
S016 saturated zone (cte3/g) 6.000E+04 I 6.f00E+04 -- DCNUCS(13)

R016 3 Leach rate (/yr) ' 0000E+0 ' 0.000E+00 ' 1.44ME- 7 ALEACM(I3)

R016 SoLitiity constant 0.000E+00 0.000E+00 not used SOLUBK(13)

R016 3 Distribution coefficients for daughter Th-229
R016 I Contaminated zone (C0t-3/9) 1 2.000E+02 6.000E+04 -'DCNLUC(14)

9016 3 Unsaturated zone 1 (cat*3/g) ' 2.000E+02 ' 6.OO0E04 --- DCNUCUCI4,l)
S016 saturated zone (Ce$'31g) I 2.000E+02 * 6.000E.04 DCNUCS(14)

R016 I teach rate (/yr) 0.000E+00 3 0.000E+00 4.341E-05 ALEAC(14)

R016 J Sotubitity constant I 0.000E+00 0.000E+00 ' not used SOLUBK(14)

R016 Distribution coefficients for daughter Th-232
R016 Contaminated Zone (Ct*3/g) 6.000E+04 6.000E+04 DCNUCC(15)

R016 Unsaturated zone 1 (c03/g) 6.000E+04 6.000E+04 DCNUCU(15,1)

R016 Saturated Zone (ct*3/g) ' 6,000E+04 I 6.000E+04 ' --- DeCUCSCI5)

R016 ' Leach rate C/yr) 0.000E+00 0.000E+00 ' 1.448E-07 ALEACU(IS)

R016 Solbitity constant 0.000E+00 I 0.000E+00 not used SOLUKcl5)

R016 2 Distribution coefficients for daughter U-233
R016 Contaminated Zone (cc-*3/g) 2.000E+00 I 5.000E+01 D --- DCMUCC(16)

R016 I Unsaturated zone I (cm*3/g) 2.000E+00 5.000E+01 ' -- DCMUCU(16,1)
R016 3 saturated zone (cM*3/a) 2.000E+00 5.OOOE+01 -- DCNUCS(16)

#016 3 Leach rate (/yr) ' 0.000E+00 3 0.000E+00 4.0W-03 ALEACHM16)

R016 SotubiLity constant 0.000E+00 0.000E+00 not used SOLUiK(16)

R016 Distribution coefficients for daughter U-235
R016 ' Contaminated zone (crf*3/g) 5.000E+01 5.000E+01 ' DCMCC(17)
R016 Unsaturated zone I (ct3f/g) * 5.000E+01 5.000E+01 - DCMICU(17,1)
#016 Saturated zone (cvf*3/g) 5.000E+01 5.000E+01 --- DCNUCS(17)

R016 3 Leach rate (/yr) 0.GOOE+0 0.000E+00 1.733E04 ALEACHC17)

R016 * Sotubikity constant 0.000E+00 0.000E+00 not used SLUBK(17)

R016 Distribution coefficients for daughter U-236
R016 ' Contaminated zone (ct*S3/g) 5.000E+01 5.000E+01 ' -- D 0C)UCC(18)

#016 1 Unsaturated zone 1 (crd*3/9) 5.ODOE+01 3 5.000E+01 - DCNUCU(18.1)
R016 Saturated zone (ut-3/g) 5,000E+01 5.000E+01 - oCIAJCS(l8)
R016 I Leach rate (/yr) I 0.000E+00 ' 0.000E+00 ' 1.733E-04 ALEACH(I8)

R016 I Sotubitity constant LOOE+00 0.OOE+00 not used SOLUBK(1S)

R017 Inhalation rate (W-3/yr) I 8.400E+03 8.400E+03 --- INHALR
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Sumeary : 116-N-1 RESRAD Evaluation of Overburden for Backfill
Fite : 116-N-I OverburdmnRESRADCatcBrief.RAD

Site-SpecIfic Pareseter Suaiary (continued)
0 ' User Used by RESRAD Paraseter
M rtu Para e te i efut I diffren trai, user input) News,

Mass Loading for Inhalation (g/t"3)
Exposure duration
Shielding factor, inhalation
Shielding factor, external gans

* Fraction of time spent indoors
Fraction of time spent outdoors (on site)

* Shape factor flag, external gms
Radii of shape factor array (used if FS =-1):

Outer annuler radius (m), ring 1:
Outer Annular radius (a), ring 2:
Outer annuter radius m), ring 3:
Outer annuter radius Cm), ring 4:

* uter annular radius (m), ring 5:
Outer annular radius (a), ring 6:

* Outer annutar radius (a) ring 7:
Outer annuler radius (m), ring 8:
Outer annular radius (a), ring 9:

* Outer annular radius (a), ring 10:
* Outer arular radius (a), ring 11:

Outer annular radIus (m), ring 12:

Fractions
Ring I
Ring 2
Ring 3
Ring 4
Ring 5
Ring 6
Ring 7
Ring a
Ring 9
Ring 10
Ring 11
Ring 12

of annular areas within AREA:

Fruits, vegetables and grain consueption (kg/yr)
Leafy vegetable consumption (kg/yr)
Milk consmption (L/yr)
Meat and poultry consuaption (kg/yr)
Fish consuyption (kg/yr)
Other seafood consurLption (kg/yr)
Soit ingestion rate (/yr)
Drinking water intake (L/yr)
Contamination fraction of drinking water
Containation fraction of household water
Containation fraction of livestock water
Containation fraction of irrigation water
Contamination fraction of aquatic food
Contsuination fraction of plant food
Contamination fraction of meat

Rol?
ROW
R017
0017
R017
Rol?
R017
Rol?
R017
ROl7
R017
R017
R017
Roll
R017
R017
R017
Rit
R017
R017

1.000E-04
3.OOOE+01
4.000E-01
7.00OE-01
5.000E-01
2.500E-01
1.0001.00

5.OOOE+01
7.071E+01
t.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.0006.00
0.OOOE+00

1.000E-04
3.00E+01

* 4.0GE-01
7.000E-01

S5.00E-01
2.500E-01

* 1.000E+00

not used
not used
not used

* not used
not wsed
not used
not used
not used
not used
not used

* not used
'not used

$ not used
not used
not used

* not used
' not used
* not used
* not used
* not used

not used
not used
not used
not used

* 1.600E+02
1.400E+01
9.200E+01

* 6.300E+01
5.400E+00
9.OOOE-01

* 3.650E+01
* 7.300E+02
* I000E+00
* not used
' 1.000E+00

1.000E+00
' 5.000E-011
,-1
E-.

>0 shows circular AREA.

0.500E+00
0.620E+00

C-42

I 1.000E+00
* 2.732E-01
S0.000E+00 *

0.000E+O0

O .OD0E+00 3
' 0.000E.00

0 OOOOE+OO
S0.000E+00 '0.000E+00

0.000E+00
* 0.000E+00
O .000E+OD

1.600E+02
* 1.400E+01
* 9.200E+01
' 6.300DE+I

5.400E+00
* 9000E-01
S3.650E+01

S S.100E+02 a
S1.000E+00 *

* 1.000E+00
* 1.000E+00'
a 1.000E+00
* 5.00E-01
s-I I

RO7l
Rol?
R017
ROl7
R017
R017
R017
R017
R017
R017
R017
R017
Rol?

Role
R018
R018
R018
Role
R018
R018
R018
Role
Rol
Role
Rool e
1018
R018
R018 

HLIN
ED
SHF3

FIND
FOTD
IS

RAD SHAPE( 1)
RADSMAPE( 2)
RADSHAPE( 3)
RAD SHAPE( 4)
RAOSAPE( 5)
RAbSIAPE( 6)
RHAD SAPE( 7)
RAOSHAPE( 8)
RAO SHAPE( 9)
RADSNAPE(10)
RAD SHAPEC01)
RAIDSHAPE012)

FRACA( 1)
FRACA( 2)
FRACAC 3)
FRACA( 4)
fRACA( 5)
FRACAC 6)
FRACAC 7)
FRACA( 8)
FRACA 9)
FRACA(10)
FRACAC11)
FRACAC 2)

DIET(1)
DIET(2)
DIET(3)DIET(4)DIETCA)
DIET(5)
DIET(6)
SOIL
DWI
FDW
FHHW
FLW
FIRV
FRO
FPLANT
FMEAT



CVP-2006-00004
Rev. 0
For Approval

IRESRAD, Version 6.21 t. Limit = 0.5 year 03/07/2004 10:14 Page 11

Summary : 116-N-1 RESRAD Evaluation of Overburden for Backfill
File : 116-N-1verburdenRESRADCaltcBrief.RAD

Site-Specific Parameter Sunary (continued)
0 1 User I Used by RESRAD P Parameter

Her, Parameter Input I Default I (if different from user input) 3 Name

ROl I Contamnation fraction of milk '-I 1 0.620E+00 FMILK

R019 ' Livestock fodder intake for meat (kg/day) ' 6.0OE+01 I 6.OE+0 1 LF5I

R019 I Livestock fodder intake for milk (kg/day) 5.500E+01 ' 5.500E+01 --- 6LF6

R019 * Livestock water intake for meat (L/day) 5.000E+01 I 5.DOE+01 -- LW-5

R019 I Livestock water intake for milk (L/day) ' 1.600E+02 1.600E+02 - LVI6

R019 I Livestock soil intake (kg/day) 5.000E-01 5.0001-01 - LSI

R019 NOss loading for foliar deposition (g/t*3) 1.000E-04 1.000E-04 I MLFD

R019 3 Depth of soil mixing Layer (m) ' 1.500E-01 * 1.500E-01 -- ON

R019 Depth of roots (a) ' 9.000E-01' 9.000E-01 -- - CR005

R019 * rinking water fraction from ground water 3 1.000E+00 ' 1.000E.00 - FGW

R019 * ousehold water fraction from ground water ' not used 1.000E+00 --- FGWNM
R019 I Livestock water fraction from ground water 1.000E+00 1.000E+00 FGWIW

R019 J Irrigation fraction from ground water 1.000E+00 *1.000100E+- FGVIR

R198 3 Vet weight crop yield for non-Leafy (kg/ft2) I 7.000E-01 7.000E-01 YV(l)
R198 3 Wet weight crop yield for Leafy (kg/*2) ' 1.500E+00 1.500E+00 -YV(2)

R19B - Wet weight crop yield for Fodder (kg/#t2) l.100E+00 1.100E+00 YV(3)
R19 ' Growing Season for Non-Leafy (years) I I.7OE-01 1.700E-01 s --- TE(1)

R198 I Growing Season for Leafy (years) 2.500E-01 ' 2.500E-01 ' --- TE(2)

R19B 3 Growing Season for Fodder (years) ' 8.000E-02 ' 8.000E-02 - 3 TE(3)

R19B * Translocation Factor for Non-Leafy 1.000E-Cl ' 1.000E-01 - * TIV(I)

R19B s Translocation Factor for Leafy 1.000E+00 1.000E+00 TIV(2)

R198 ' TransLocation Factor for Fodder I1.000E+00 ' I.ODOE+00 - -- TIV(3)

RI9t I Dry Foliar interception fraction for Non-Leafy 2.500E-01 2.5DE-01 -.- RORYCI)

Ri9B 3 Dry Foliar Interception Fraction for Leafy 2.500E-01 2.500E-01 --- RDRY(2)

R19B 3 Dry Foliar Interception Fraction for Fodder 2.500E-01 I 2.500E-01 RDRY(3)

R19 ' Wet Foliar Interception Fraction for Non-Leafy ' 2.500E-01 0 2.500E-01 * - RWET(1)
R198 w et Foliar Interception Fraction for Leafy 2.500E-01 2.500E-01 --- 3 RWET(2)
R19 3 Wet foller Interception Fraction for Fodder 2.500E-01 2.500E-01 3 RWET(3)
Rl9 Ueathering Removal Constant for Vegetation 2.000E+01 2.000E+01 -LAM

C14 C-12 concentration in water (g/cte3) not used 2.000E-05 -- C12WTR

C14 c-12 concentration in contaminated soil (g/g) not used ' 3.000E-02 --- C12Cz

C14 ' Fraction of vegetation carbon from soil not used 2.000E-02 '-CSOIL

C14 3 Fraction of vegetation carbon from air not used 9.800E-01 -3CAIR

C14A C-14 evasion layer thickness in soil (m) not used 3.000E-01 DNC
C14 ' C-14 evasion flux rate from soit (1/sec) not used 7.000E-07 EVSM

C14 ' C-12 evasion flux rate from soil (1/sec) not used ' 1.000E-10 --- REVSN
C14 I Fraction of grain in beef cattle feed not used 8.000E-01 -- AVF4

C14 * Fraction of grain in milk cow feed 3 not used * 2.000E-01 AVFG5

C14 DCF correction factor for gaseous forms of C14 not used 8.894E01 C02F

STOR 3 Storage times of contaminated foodstuffs (days): ' 1
STOR * Fruits, non-leafy vegetables, and grain 1.400E+01 1.400E+01 - STOR- T()

STOR Leafy vegetables I 1.000E+00 1.000E+00 STO _T(2)

STOR Milk 1.000E+00 3 1.000E+00 3 --- 3 STOR T(3)

STOR Meat and poultry 3 2.000E+01 2.000E+01 3 S 5TOR T(4)

STOR Fish ' 7.000E+00 3 7.000E+00 --- ' STORT(5)
STOR Crustacea and mollusks 7.000E+00 7.000E+00 -- ' STORT(6)
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Summary : 116-11-1 RESRAD Evaluation of Overburden for Sackfitl
Fite :16-N-1 OverburdenRESRADCalcBrief.RAD

Site-Specific Parameter Sumary (continued)
0 1 ' User I I Used by RESRAD ' Parameter
Menu Parameter I input I Default 3 (If different from atr input) ' Mame

MAMUWAXLAAMAMAWAAMAMAUAAAMMAMAAAHAMMAXWMMMAAAUAUAAAA)AAAAAAAAAAAAMAMA
STO I Welt water 1.000E+00 ' 1.000E+00 I SOR T(7)
STOR I Surface water 3 1,000E+00 * 1.000E.00 I * STORT(8)
STOR Livestock fodder 4.500E+01 4.500E+01 -- - STORT(9)

R021 Thickness of building foundation (m) I not used ' 1.500E-01 --- ' FLOOR1
R021 ' Bulk density of building foundation (g/cfr3) ' not used ' 2A00E+00 3 ' DENSFL
R021 Total porosity of the cover material not used ' 4.000E-C1 -- ' TPCV
R021 * Total porosity of the building foundation not used 1.000E-01 ' ' TPFL
R021 ' Volumetric water content of the cover material not used 5.000E-02 * ... PH20CV
3021 I Voltutric water content of the foundation not used * 3.000E-02 ' --- PH2OF
9021 a Diffusion coefficient for radon oa Can ):
R021 a in cover material ' not used ' 2.000E-06 DIFCV
R021 In foundation material not used 3.OOOE-07 3IFFL

R021 I in contaminated tone soil * not used 2.000E-06 -DIFCZ
R021 Radon vertical dimension of mixing (m) ' not used ' 2.000E+00 HMIX
1021 ' Average building air exchange rate (l/hr) ' not used 5.00IE-01 -- REXG
R021 I Height of the building (roon) (a) $ not used 2.500E+00 **RM
R021 $ Building interior area factor not used 0.000E+00 AI
R021 Building depth below groad surface (m) a not used 1-1.000E+00 I DMFL
R021 Emanating power of Rn-222 gas ' not used ' 2.500E-01 EMAA(1)
R021 Emanating power of Rn-220 gas not used I 1.500E-01 -- - EMAMA(2)

TITL NuWer of graphical time points ' 32 a - -. MPTS
TITL ' MaxiNu. rUMer of integration points for dose 1 -- --- ' LYMAX
TITL * Maium number of integration points for risk * 5 -- -- 'KThAX

Summary of Pathway Selections

Pathway I User Selection
AAAAAMJAAAAAAIAAA'A AAMAAAA AALA AAU

1 - external gamna I active
2 -- inhalation (W/o radon)' active
3 - plant ingestion * active
4 - eat ingestion 3 active
5 - milk ingestion 3 active
6 - aquatic foods ' active
7 - drinking water a active
S-- soilt ingestion active

9 - radon suppressed
Find peak pathway doses a active
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: 116-0-1 RESRAD Evaluation of Land Bridge for Backfitl Concurrence
: 116-N-1_BackfillRESRADShallow.RAD

Dose Conversion Factor (and Related) Parameter Sumary
File: HEAST 2001 Morbidity

0 Current ' Parameter
Menu ' Parameter ' Value Default Name
Z1XXA11111111iiX1111fh~&X11mAiUA1XI~lX flkxflXXn innnninklxixnxxxxxxxxx xxxxxnxxnnnxx
B-I Dose con
B-I Ac-227+0)
B-1 * Am-241
B-1 Co-60
B-1 3 Cs-137+D
8-1 Eu-154
B-1 ' Eu-155
B-1 Ni-63
B-1 Np-237+0
B-1 Pa-231
8-1 $ Pu-239
8-1i Pu-240
B-1 Ra-228+D
8-1 ' Sr-90+D
B-1 Th-228+0
B-1 ' Th-229+0
B-1 ' Th-232
8-1 * U-233
8-1 ' U-235+D
8-1 U-236

D-1 ' Dose con
D-1 ' Ac-227+D
0-1 Am-241
D-1 ' Co-60
D-1 ' Cs-137+D
D-1 ' Eu-154
D-1 ' Eu-155
D-1 ' Ni-63
0-1 Np-237+D
0-1 Pa-231
D-1 Pu-239
D-1 Pu-240
0-1 ' Ra-228+D
0-1 - Sr-90+D
0-1 ' Th-228+D
0-1 ' Th-229+D
0-1 ' Th-232
D-1 ' U-233
D-1 U-235+D
0-1 ' U-236

0-34 Food tra
D-34 ' Ac-227+D0
0-34 Ac-227+0
0-34 ' Ac-227+0
0-34
0-34 ' Am-241
0-34 Am-241
0-34 ' Am-241

version factors for inhalation, mrem/pCi:

version factors for ingestion, mreaVpCi;

nsfer factors:
, plant/soil concentration ratio, dimensionless
, beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
, milk/livestock-intake ratio, CpCi/L)/(pCi/d)

, plant/soit concentration ratio, dimensionless
, beef/Livestock-intak, ratio, (pCi/kg)/(pCi/d)
, milk/livestock-intake ratio, (pCi/L)/(pCi/d)

6.720E+00
4.440E-01
2.190E-04
3.190E-05
2.860E-04
4.140E-05
6.290E-06
5.400E-01
1.280E+00
4.290E-01
4.290E-01
5.080E-03
1.310E-03
3.450E-01
2.160E+00
1.640E+00
1.350E-01
1.230E-01
1.250E-01

1.480E-02
3.640E-03
2.690E-05
5.000E-05
9.550E-06
1.530E-06
5.770E-07
4.440E-03
1.060E-02
3.540E-03
3.540E-03
1.440E-03
1.530E-04
8.080E-04
4.030E-03
2.730E-03
2.890E-04
2.670E-04
2.690E-04

2.500E-03
2.000E-05
2.000E-05

6.720E+00
* 4.440E-01

2.190E-04
3.190E-05
2.860E-04

S4.140E-05
* 6.290E-06

5 6.400E-01
* 1.280+00

4.290E-01
* 4.290E-01
* 5.080E-03

1.310E-03
3.450E-01
2.160E+00
1.640E+00
1.350E-01

* 1.230E-01
1.250E-01

1.480E-02
3.640E-03

* 2.690E-05
-, .000E-05

9.550E-06
1.530E-06
5.770E-07
4.440E-03

S1.060E-02
3.540E-03

* 3.540E-03
* 1.440E-03

1.530E-04
' 8.080E-04
3 4.030E-03

2.730E-03
2.890E-04
2.670E-04
2.690E-04

DCF2( 1)
DCF2( 2)
DCF2( 3)
DCF2( 4)
DCF2( 5)
DCF2( 6)
DCF2( 7)
OCF2( 8)
DCF2( 9)
OCF2(10)
DCF2(11)
DCF2(12)
DCF2(13)
DCF2(14)
DCF2(15)
DCF2(16)
DCF2(17)
DCF2(18)
DCF2(19)

DCF3( 1)
DCF3( 2)
DCF3( 3)
DCF3( 4)
DCF3( 5)
DCF3( 6)
DCF3( 7)
0CF3( 8)
DCF3( 9)
DCF3(10)
DCF3(11)
DCF3(12)
DCF3(13)
DCF3(14)
DCF3(15)
DCF3(16)
DCF3(17)
0CF3(18)
DCF3(19)

2.500E-03 RTF( 1,1)
2.000E-05 RTF( 1,2)
2.000E-05 RTF( 1,3)

' 1.000E-03 t.000E-03 ' RTF( 2,1)
' 5.000E-05 5.000E-05 ' RTF( 2,2)
' 2.000E-06 2.000E-06 RTF( 2,3)
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Dose Conversion Factor (and Related) Parameter Suwmary Ccontintied)
File: HEAST 2001 Morbidity

0 current ' ' Parameter

Menu Parameter Value 3 Default I Name
AAAAA AAAAA AAAAAAAAAAAAAAAAAAAMMAAAAAMWAAAAA MAAAMAAAAAAAAAMAAAMA

0-34 3 Co-60 plant/solI concentration ratio, dimensionless 8.000E-02 ' 8.000E-02 ' RTF( 3,1)

D-34 Co-60 beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 2.OOOE-02 2.OOE-02 ' RTFC 3,2)
D-34 ' Co-60 milk/Livestock-intake ratio, (pCi/L)/(pCi/d) 2.000E-03 3 2.000E-03 I RTF( 3,3)
0-34 1

0-34 ' Cs-137+D , plant/soil concentration ratio, dimensionless ' 4.000E-02 ' 4.000E-02 ' RTF( 4,1)

D-34 Cs-137+0 , beef/livestOck-intake ratio, (pCi/ku)/(pCi/d) ' 3.000E-02 3 .OOE-02 ' RIF( 4,2)

D-34 ' Cs-137+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 8.000E-03 8.000E-03 ' RIF( 4,3)

D-34 3

0-34 3 Eu-154 , plant/soit concentration ratio, dimensionless ' 2.500E-03 ' 2.500E-03 $ RTF( 5,1)
D-34 ' Eu-154 , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) 2.000E-03 ' 2.000E-03 ' RTF( 5,2)

0-34 Eu-154 , milk/Livestock-intake ratio, (pCi/L)/(pCi/d) 2.000E-05 2.000E-05 RTF( 5,3)
D-34'
D-34 ' Eu-155 , plant/soit concentration ratio, dimensionless ' 2.500E-03 2.500E-03 ' RTF( 6,1)
D-34 ' Eu-155 , beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) ' 2.000E-03 I 2.000E-03 3 RIF( 6.2)
D-34 ' Eu-155 , milk/livestock-intakt ratio, (pCi/L)/(pCi/d) 2.ODE-05 ' 2.000E-05 RTF( 6,3)
0-34'
0-34 Ni-63 , plant/soil concentration ratio, dimensionless ' 5.000E-02 ' 5.000E-02 ' RIF( 7,1)

D-34 ' Ni-63 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) ' 5.000E-03 ' 5.000E-03 $ RIF( 7,2)

D-34 ' Ni-63 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2.000E-02 2.00E-02 RTF( 7,3)

0-34 '

D-34 ' Np-237+ , plant/soil concentration ratio, dimensionless ' 2.000E-02 2.000E-02 ' RIF( 8,1)
D-34 Np-237+D , beef/livestock-intake ratio, (pCi/kg)/(pCl/d) ' 1.000E-03 ' 1.000E-03 ' RTF( 8,2)
D-34 ' lp-237+0 , milk/Livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 5-000E-06 RTF( 8,3)
D-34 '

D-34 ' Pa-231 , plant/soilt concentration ratio, dimensionless ' 1.000E-02 1.000E-02 ' RIF( 9,1)

D-34 ' Pa-231 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 5.000E-03 ' 5.000E-03 ' RIF( 9,2)

D-34 ' Pa-231 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 '5.000E-06 RIF( 9,3)

0-34
D-34 ' Pu-239 , plant/soil concentration ratio, dimensionless ' 1.00E-03 1.OOOE-03 ' RTF(10,1)

0-34 ' Pu-239 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) ' 10AWE-04 ' 1.000E-04 ' RTF(10,2)

D-34 * Pu-239 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 1.000E-06 1.OOOE-06 RTF(10,3)
D-34
0-34 ' Pu-240 , plant/soil concentration ratio, dimensionless 1.000E-03 ' l.00E-03 ' RTF(11,1)

0-34 ' Pu-240 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) ' 1.DGE-G4 ' 1.000E-04 ' RTF(11,2)

D-34 ' Pu-240 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) ' 1.000E-06 1.0OOE-O ' RTF(11,3)

D-34
D-34 * Ra-228+D , plant/soit concentration ratio, dimensionless 4.000E-02 ' 4.000E-02 RTF(12,1)

D-34 ' Ra-228+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) ' .000E-03 ' 1.OOOE-03 RTFC12,2)
0-34 ' Ra-228+0 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 1.000E-03 1.OOE-03 RTF(12,3)

0-34 '

0-34 Sr-90+D , plant/soil concentration ratio, dimensionless ' 3.000E-01 3.OOE-01 ' RTF(13,1)

D-34 ' Sr-90+D , beef/livestock-intake ratio, (pCl/kg)/(pCi/d) 8. 000E-03 ' 8.000E-03 RTF(13,2)

D-34 S Sr-90+D , mitk/livestock-intake ratio, (pi/L)/(pCi/d) 2.000E-03 2.000E-03 RTF(13,3)
D-34 3

0-34 ' Th-228+D , plant/soil concentration ratio, dimensionless ' 1.000E-03 ' 1.000E-03 ' RTF(14,1)

0-34 Th-228+0 , beef/Livestock-intake ratio, (pCl/kg)/(pCi/d) ' 1.000E-04 1.000E-04 RTF(14,2)

D-34 3 Th-228+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 5.000E-06 RTF(14.3)
D-34 3
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Dose Conversion Factor (and Related) Parameter Stnary (continued)
File: HEAST 2001 Morbidity

0 ' * Current ' Parameter
Her, Parameter 3 Value Default Name
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAXAAAAAAWAA AAAAAAAAAAAAAAAAAAAAAAAMA AAAAAAAAAAMAA
D-34 * Th-229+C , pLant/soit concentration ratio, dimensiontess I.OOOE-03 ' 1.000E-03 RTF(15,1)
0-34 ' Th-229+0 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) I1.000E-04 ' 1.000E-04 ' RTf(15,2)
D-34 ' Th-229+0 , miLk/tivestock-intake ratio, (pCi/L)/(pCi/d) ' 5.000E-06 5.000E-06 RIF(15,3)
D-34
D-34 ' Th-232 , plant/soit concentration ratio, dimensionLess 1.000E-03 ' 1.000E-03 RTF(16,1)
0-34 Th-232 , beef/tivestock-intake ratio, (pCi/kg)/(pci/d) .OO-E-04 t0006-04 RTF(16,2)
0-34 ' Th-232 , milk/livestock-intake ratio, (pCI/L)/(pCi/d) 3 5.OOOE-06 I 5.000E-06 I RTF(16,3)
D-34 I
D-34 ' U-233 , pLant/soit concentration ratio, dimensionless ' 2.500E-03 ' 2.500E-03 ' RTF(17,l)
D-34 U I-233 , beef/Livestock-intake ratio, (pCf/kg)/(pCi/d) ' 3.400E-04 ' 3.400E-04 RTF(17,2)
D-34 ' U-233 , mitk/livestock-intake ratio, (pCi/L)/(pCi/d) ' 6.000E-04 6.000E-04 ' RTF(17,3)
0-34'
0-34 ' U-235+D , plant/soit concentration ratio, dimensionless 3 2.50E-03 3 2.500E-03 ' RTF(18,1)
0-34 ' U-235+0 , beef/livestock-intake ratio, (pCI/kg)/(pCi/d) 3.400E-04 ' 3.400E-04 ' RTF(18,2)
0-34 ' U-235+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 6.000E-04 ' 6.000E-04 ' RTF(18,3)
0-34 '
0-34 ' U-236 , plant/soit concentration ratio, dimensionLess $ 2.500E-03 2.500E-03 RTF(19,1)
0-34 ' U-236 , beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF(19,2)
0-34 U-236 , milk/Livestock-intake ratio, (pCi/L)/(pCi/d) 6.000E-04 6.000E-04 RTF(19,3)

0-5 ' Bioaccumutation factors, fresh water, L/kg:
0-5 ' Ac-227+D , fish 1.500E+01 1.500+01 ' BIOFAC( 1,1)
0-5 ' Ac-227+0 , crustacee aid mollusks 1.000E+03 1.OOE+03 ' BIOFAC( 1,2)
D-5 ' 5
0-5 ' Am-241 , fish 3.000E+01 3 3.000E+01 I BIOFACC 2,1)
D-5 ' Am-241 , crustacea and molLusks ' 1.000E+03 I 1.000E+03 ' BIOFAC( 2,2)
0-5 ' 3 3 3

D-5 ' Co-60 , fish ' 3.000E+02 I 3.000E+02 ' BIOFAC( 3,1)
0-5 ' Co-60 , crustacea and mollusks ' 2.000E+02 3 2.D00E02 I BIOFAC( 3,2)
0-5 1 5 S

0-5 Cs-137+D , fish 2.OOOE+03 ' 2.000E+03 ' BIOFAC( 4,1)
0-5 ' Cs-137+0 , crustacea and moilusks ' .000E+02 ' 1.00E+02 ' BIOFAC( 4,2)
D-5
0-5 Eu-154 , fish 5.000E+01 5.OOOE+01 ' BIOFAC( 5,1)
D-5 ' Eu-154 , crustacea and mollusks ' .000E+03 ' 1.000E+03 ' BIOFAC( 5,2)
D-5 3

D-5 I Eu-155 , fish 3 5.000E+01 3 5.000E+01 I BIOFAC( 6,1)
0-5 ' Eu-155 , crustacea and mollusks ' .000E+03 1.OOOE+03 ' BIOFAC( 6,2)
D-5' 3
D-5 ' Ni-63 , fish ' 1.000E+02 1.000E+02 BIOFAC( 7,1)
D-5 ' NI-63 , crustacea and motLusks 1.000E+02 $ 1.000E+02 * BIOFAC( 7,2)
D-5 3 5 5
D-5 ' Np-237+D , fish 3.000E+01 .OOOE*0I BIOFAC( 8,1)
D-5 Np-237+0 , crustacea and mollusks 4.00DE+02 ' 4.A00E+02 BIOFAC( 8,2)
0-5 3

D-5 Pa-231 , fish 1.000E+01 tOOE.01 ' BIOFAC( 9,1)
D-5 $ Pa-231 , crustaces and mollusks 1.100E+02 1.100E+02 ' BIOFAC( 9,2)
0-5
0-5 3 Pu-239 , fish 3.000E+01 ' 3.OOE+01 ' BIOFAC(10,1)
0-5 * Pu-239 , crustaces and molLusks 1.000E+02 * 1.000E+02 ' BIOFAC(10,2)
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Dose Conversion Factor (and Related) Parameter Sumary (continued)
File: HEAST 2001 Morbidity

0 current' Parameter

Menu Parameter. : Value I Default 3 Name

AAAAAAAAAAAAAAAAAAAAAAAAA AAAAAA. AAAAEAAAAAAEAAEAAA.5AAAAAAA5A5AAAAAAAAAAAAAAAAAA AAAAAAAAAAAA

D-5 Pu-240 fish ' 3.000E+01 3.000E+01 BIOFAC(l,l)

D-5 ' Pu-240 crustacea and mollusks 1.000E+02 1.000E+02 BIOFAC(11,2)

Ra-228+D fish
Ra-228+D crustacea and mollusks

Sr-90+D , fish
Sr-90+D , crustacea and mollusks

Th-228+D, fish
Th-228+D crustacea and mollusks

Th-229+D , fish
Th-229+D , crustacca and mollusks

3
" Th-232 , fish
" Th-232 , crustacea and mollusks

3 U-233 fish
3 U-233 , crustacea and mollusks

U-235+D , fish
U-235+D , crustacea and mollusks

5.000E+01 5.ODOE+01 BIOFAC(12,1)
3 2.500E+02 2.500E+02 BIOFAC(12,2)

6.000E+01 ' 6.000E+01 BIOFAC(13,1)

1.000E+02 3 1.000E+02 BIOFAC(13,2)

3 1.000E+02 1.000E+02 BIOFAC(14,1)
5.000E+02 5.OOOE+02 ' BIoFAC(14,2)

3 1.000E+02 1.000E+02 BIOFAC(15,l)
5.000E+02 5.000E+02 ' BIOFAC(15,2)

1.000E+02 1.000E+02 ' BIOFAC(16,1)
5.000E+02 5.000E+02 3 BIOFAC(16,2)

1.000E+01 1.000E+01 BIOFAC(17,1)
6.000E+01 6.000E+01 BIOFAC(17,2)

1.000E+01 1.000E+01 BIoFAC(18,1)
6.000E+01 6.000E+01 ' BIOFAC(18,2)

D-5 3 U-236 fish 1.000E+01 1.000E+01 BIOFAC(19,1)
D-5 3 U-236 crustacea and mollusks 6.000E+01 : 6.000E+01 BIOFAC(19,2)

iffffiifiiffiliiiiiiiiffitiiiiiiiiiiiiiiiiiiii1Iiiii iii tiiii iiiii1
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Site-Specific Parameter Staersry
0 ' User I I Used by RESRAD Parameter
Me, * Parameter Input I Default I (if different fro user Input) ' Name
AAAAAAAAAAAAA A AAAMAAAMAAAAAAAMAAMAAAUAAMAAMMAMAAAAAAAAXAAAMAAAMAAAAAMAAAAAAHAAAAAAAAAA
Roil l Area of contaminated zone (ea2) I 1.240E.04 1 1.00%+04 1 AREA
Roll ' Thickness of contaminated zone (m) ' 4.600E+00 * 2.000E+00 * 3 THICKO
Roll Length parallet to aqifer floW (a) 1.200E+02 1.000E+02 ' --- ' LCZPAO
Roll 3 Basic radiation dose limit (mrfe/yr) ' 1.500E+01 I 2.500E+01 S 3RR1.
Roll 3 Time since placesent of material (yr) ' 0.000E+00 O.OOOE+00 ' *-TI
Roll Time for calculations Cyr) 3 1 .OE+00 1.000E+00 'ItC 2)
Roll 3 Times for calculations Cyr) 3.000E+00 3.000E+00 - ' I( 3)
Rol I Time. for calculations Cyr) 7.600E-0O 1.000E+01 - ' T( 4)
Rol l Times for calculations Cyr) i.400E+01 3.000E+01 I -- ( 5)
Roll Times for calculations Cyr) 4.200E+01 ' .OOOE+02 ' -- ' T( 6)
R011 I Times for calculations Cyr) I .0O0E+02 ' 3.000E+02 T(-- ' ( 7)
Roll Times for calculations Cyr) 1 .370E+02 I 1.000E.03 ' -- T( 8)
Roll 3 Times for calculations Cyr) 3.000E+02 0.000E+00 T C 9)
Roll Times for calculations Cyr) 1.000E03 0.000E00 T(10)

R012 ' Initial principal radionuclide (pCi/a): Co-60 2.1001-01 0.000E+00 -S( 3)
R012 Initial principal radionuclide (pCl/g): Cs-137 5.900E-01 0.000E+00 -SI 4)
RD12 Initial principal radionuclide (pCI/g): N-63 1 .540E-01 ' C.OOOE+00 -Si 7)
R012 Initial principal radionuclide CpC/g): Sr-90 1.900E-01 - 0.000E+00 -1(13)

R012 ' Concentration In groundwater (pCi/L): Co-60 not used 0.001E+00 -- 3)
R012 ' Concentration in groundeater (pCi/L): Cs-137 not used t.OODE+00 VIC 4)
R012 * Concentration in grounctater (pCi/L): Ni-63 not used 000EO-00 W( 7)
R012 Concentration in grounater (pCi/L): Sr-90 not used ',000E+00 -1(13)

R013 Cover depth (a) ' .OOE+0O t0.00OE+00 --- COVERO
R013I Density of cover material (g/ct3) not used 1.500E-00 DENSCV
P013 Cover depth erosion rate (W/yr) ' not used 1.000E-03 VCV
R013 Density of contasinated zone (g/Cs"3) 2.000E+00 ' I. 00E+00 I DENSCZ
R013 ' Contaminated zone erosion rate (WVyr) 1.000E-03 ' i.000E-03 VCZ
R013 Contaminated zone total porosity 3.00OE-01 4.000E-01 - TPC2
R013 3 Contaminated zone field capacity 2.500E-01 ' 2.OOE-01 FCC!
#013 ' Contaminated tone hydraulic conductivity (m/yr) 2.SOE+02 1.000E+01 - wccz
R013 Contaminated zone b parameter 4.050E+00 5.300E+00 SC!
1013 3 Average annual Wind speed Msec) 3.400E+00 2.000E+00 WINO
R013 luidity in air (g/l3) not used 8.000E-00 --- "MUn4
R013 Evapotranspiration coefficient * 9.100E-01 5.000E-01 EVAPTR
R013 Precipitation (m/yr) ' 1.600E-01 1.000E+00 PRECIP
R013 Irrigation (m/yr) ' 7.600E-01 2.OOE-01 RI
R013 3 Irrigation mode overhead overhead H1011C
R013 IRunoff coefficient 2.00CE-01 22.01(E-O - RUNOFF
R013 W atershed area for nearby stream or pond (W-2) 1.000E+06 1.000E+06 WAEA
R013 * Accuracy for water/soit computations I.OOOE-03 1.0006-03 EPS

R014 Density of saturated tone (g/cmi3) 2.000E+00 1.500E+00 -ENSAO

R014 Saturated zone total porosity 3.000E-01 ' 4.001E-01 TPS!
R014 * Saturated zone effective porosity 2.500E-01 Z.OOE-01 EPSZ
R014 Saturated zone field capacity ' 2.000E-01 ' 2.0001E-01 FCSZ
R014 ' Saturated zone hydraulic conductivity (a/yr) 5.530E+03 ' 1.000E+02 'cs2

R014 3 Saturated zone hydraulic gradient 1.250E-03 2.000E-02 -MIT

R014 Saturated tone b parameter not used I 5.300E+00 -Sz
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Site-Specific Parameter Stary (continued)
0 1 User I Used by RESRAD 3 Parameter
Menu Parameter I Input Default * (if different from user input) J Name
Au AUuAW UAAWAMMAUHMA4AAAAifAXA AlW AUAAKUAMAHMUAAAAAnMAA AAAAAUAMAmUUAAAAAnAMAU
R014 Water table drop rate (M/yr) 0.000E+00 1.000E-03 -WT

*014 Welt pwp intake depth (m below water table) 4.6001+00 ' 1.0001+01 M D ELBVT

#014 Model: iondispersion (ND) or Nan-Balance (NB) ND ND -EL

R014 Well puaping rate (Ct3/yr) 2.500E+02 2.500E+02 UW

BOIS I Nutber of unSturated or t strata '1 1 N
R015 3 Unsat. Zone 1, thickness (m) 1.790E+01 4.000E+00 (1)
1015 Unsat. zone 1, soit density (g/cw'3) 2.000E+00 1.500E+00 - DENSUZ(1)
R015 Unset. zone 1, total porosity 3.000E-01 4.000E-01 '--- TPUZCI)

a015 ' Unsat. zone 1, effective porosIty 2.500E-01 2.000E-01 -- EPUZ(l)
R015 3 Unst. zone 1, field capacity 2.500E-01 2.000E-01 --- fCU2(1)
B015 Unst. zone 1 soit-specific b parameter 4.050E+00 5.300E+00 BUZo)
R015 unsat. zone 1, hydraulic conductivity CM/yr) 2.500E+02 3 1.000E+01 ICUZ(l)

*016 Distribution coefficients for Co-60
R016 ' Contaminated Ia (car3/g) 5.000E+01 1.000E+03 --- 3 OCNUCC( 3)
1016 IUnsaturated zone 1 (cmr3/g) 5.000E+01 1.000E+03 -CNUC-C 3,1)
R016 Saturated zone (cMt*3/g) 5.000E+01 ' 1.000E+03 --- DCNUCS( 3)
9016 * teach rate (/yr) 0.000E+00 I 0.000E+00 1.733E-04 3 ALEACI( 3)
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK( 3)

R016 Distribution coefficients for Cs-137
R016 Contaminated zone (cat*3/g) 5.000E+01 1.000E+03 3 OCNUCC( 4)
R016 ' Unsaturated ont 1 (cWt'3/g) 5.000E+01 l.000E+03 -- DCNUCU( 4,1)
R016 3 Saturated zone (car3/a) 5.000E+01 ' 1.000E+03 O -0 DCNUCS( 4)
R016 Leach rate (/yr) 0.000E+00 0.000E+00 * 1.733E04 ALEACNC 4)

R016 SoIUbility constant 0.000E+00 0.000E+00 not used * SOLUBK( 4)

R016 3 Distribution coefficients for Ni-63
2016 3 Contaminated one (c1*3/g) 3.000E+01 1.000E+03 . DCNUCC( 7)
R016 unsaturated tone I (cW*3/g) 3.000E+01 1.000E+03 -- DCNUCU( 7.1)
R016 Saturated zone (Ct*31g) * 3.000E+01 1.000E+03 OCNUCS( 7)
R016 Leach rate (/yr) 0.000E+00 0.000E+00 2.J84E-04 ALEACH( 7)
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBKC 7)

*016 ' Distribution coefficients for Sr-90 I 3

R016 I Contaminated zone (caf*3/g) 1.500E+01 ' 3.00E+01 --- OCIUCC(13)
R016 * Unsaturated wre 1 (ct'*3/g) 1.500E+01 3.000E+01 DCNUCU(13,l)
R016 Saturated one (cat*31) 1.500E+01 3.000E+01 5 -0 oCNuSCl3)
R016 ' Leach rate (/yr) 0.000E+00 * 0.000E+00 ' 5.743E-04 ALEACH(13)

R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK(13)

*016 * Distribution coefficients for daughter Ac-227
R016 Contaminated zone (ci*3/g) ' 2,000E+01 2.000E+01 ' DCNUCC( 1)
R016 ' Unsaturated zone 1 (cWt3/g) 2.000E+01 3 2.000E+01 DCNUCUC 1,1)
R016 Saturated zone (ct'*3/) 3 2.000E+01 2.000E+01 DCNUCSC 1)

R016 L teach rate (/yr) 0.000E+00 '0. 00+00 4.316E-04 ALEACHC 1)
R016 Solubility constant 3 0.000E+00 0.000E+00 not used * SOLUSK( 1)
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Site-Specific Parameter Summary (continued)
O User I I Used by RESRAD - Parameter

Menu Parameter I Input Default (if different from user input) ' Nam.
AAAAAAAAAAAAAAAAAAAMAA AAAHAAMAA AAAAAAWMAWAAAMAAAAAAHAAAAM AAAAAAMAAAAAAAAMAAAAA AAAAAM AAAAAAAAAAAAMAk
R016 ' Distribution coefficients for daughter Am-241
R016 Contaminated zone (ca$3/g) 2.000E+02 2.000E+01 ' - DCNUCC( 2)
*016 Unsaturated zone I (ct*3/g) 2.000E+02 2.000E+01 *-- ' DCNUCU( 2,1)
R016 Saturated zone (ca*3/s) ' 2.000E+02 2.000E+01 -DCNUCS( 2)
R016 ' Leach rate C/yr) 0.000E+00 0.000E+00 4.341E-05 ALEACC 2)
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUfKC 2)

R016 I Distribution coefficients for daughter Eu-154 a
R016 Contaminated zone (ce*3/g) 2.000E+02 -1.000E+00 - DCUCC( 5)
R016 * Unsaturated zone I (ca*3/g) I 2.000E+02 '-1.00E+00 DCNUCUc 5,1)
A016 Saturated zone (co*'3/i) I 2.000E+02 -I.000E+00 DCNUCS( 5)
R016 a Leach rate (/yr) 0.0001E+00 a0.000E00 4.341E-05 ALEACH( 5)
R016 Solubility constant 0.000E+00 0.000E+00 not used a SOLUBK( 5)

R016 a Distribution coefficients for daughter Eu-155
R016 3 Contaminated Zone (cm"3/g) I 2.000E+02 '-1.000E+00 --- ' DCNUCC( 6)
R016 ' Unsaturated zone 1 (C 3/) a 2.000E+02 "1.000E+00 * - OCIEUCU( 6,1)
*016 Saturated zone (ca*3/g) I 2.000E+02 a-1.000ED+( I . OCUCS( 6)
R016 a Leach rate (/yr) a.000E+00 O.OOOE+00 ' 4.341E-05 ALEACH( 6)
R016 SoLubility constant o.Oos+o0a 0.000E+00 not used ' SOLUBK( 6)

R016 Distribution coefficients for daughter Np-237 a
R016 Contaminated zone (c4O'3/u) 1-1.000E+00 '-1.000E+00 ' 2.574E+02 * DCNUCC( 8)
R016 Unsaturated zone I (c*/g) '-1.000E+00 .-I 000E+00 a 2.574E+02 ' DCIUCU( 8,1)
R016 Saturated zone (ce**3lg) 1.,000E+00 1-1.000E+00 * 2.574E+02 ' DCNUCS( 8)
R016 L Leach rate (/yr) 0.000E+00 0.OOOE+00 3.373E-05 a ALEACN( 8)
R06 Solublity constant 0.000E+00 0.000E+00 ' not used SOLUK( 8)

R016 ' Distribution coefficients for daughter Pa-231
R016 Contaminated zone (c*3/g) 3 5.000E+01 * 5.000E+01 OCNUCC( 9)
R016 Unsaturated zone I (c=t*3/g) ' 5.0001E01 3 5.000E+01 OCIUCU( 9,1)
R016 ' Saturated zone (caa*3lg) 5.000E+01 5.000E+01 DCNUCS( 9)
R016 * Leach rate (/yr) * 0.000E+00 0.000E+00 1.733E-04 ALEACH( 9)
R016 * Solubility constant a0.000E00 0.000E+00 not used SOUSK( 9)

R016 3 Distribution coefficients for daughter Pu-239 ' 3

R016 Contaminated zone (cte*3/g) ' 2.000E+02 * 2.000E+03 -0CUCC(10)

R016 P Unsaturated Zone I (C*3/g) 2.000E+02 2.000E+03 0CpUC'10,1)
R016 Saturated zone (c*3/g) 2.000E+02 2.000E+03 aCUCS(IO)
R016 a Leach rate (/yr) 0.000E+00 0.000E+00 4.341E-05 ALEACH(1O)
R016 a Solubility constant 0.000E+00 0.000E+00 not used SOLUBK(10)

R0)6 ' Distribution coefficients for daughter Pu-240
R016 a Contaminated zone (cm**3/g) 2.000E+02 * 2.000E+03 0CNUCC(11)
R016 a Unsaturated zone 1 (cn*3/g) 2.000E+02 2.OOOE+03 DCIUCU(I1,i)
2016 Saturated zone (C"3/g) 2.000E+02 * 2.000E+03 C.UC.S(1l)
2016 I Leach rate (/y) 0.000E+00 ' 0.000E+00 4.341E-05 ALEACHII1)
k016 a Soltility constant ' 0.000E+00 ' 0,000E+00 a not used SOLUB(11)
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Site-Specific Pareter Susary (continued)
0 ' User ' Used by RESRAD a Parameter

Menu Parameter ' Iqput ' Default (If different from user input) I Name

R016 3 Distribution coefficients for daughter Ra-228 '

R016 Contaminated Zone (cm*3/g) 3 7.000E+01 I 7.000E+01 ' ' DCNUCC(12)
R016 Unsaturated zone 1 (Ca*3/g) 7.000E+01 7.000E+01 --- 3 OCNUCU(12,l)
R016 Saturated aone (cm3/g) ' 7.000E+01 ' 7.000E+01 --- DCNUCS(12)
R016 3 Leach rate (/yr) 0.000E+00 0.000E+00 * 1.239E-04 ALEACH(12)
R016 Soltubitity constant 0.000E+00 0.000E+00 * not used * SOLUMfK2)

R016 Distribution coefficients for daughter Th-228
ROM Contaminated zone (cat*3/g) 6.000E+04 6.000E+04 --- ' DCNUCC(14)

R016 ' Unsaturated zone I (tc"3/g) 6.000E+04 6.000E+04 --- $ DCNUCU(14.1)
R016 3 Saturated zone Cce*3/g) ' 6.000E+04 * 6.000E+04 ' ' OCNUCS()4)
R016 L teach rate (/yr) ' 0.000E+00 ' oMoooE+00 1.448E-07 ALEACH(14)
R016 a Sotubitity constant 0.000E+00 0.000E+00 not used S0LUBK(14)

R016 * Distribution coefficients for daughter Th-229 I a
1016 * Contaminated zorne (c"3/g) 2.000E+02 3 6.000E+04 a -- D- OCNUCC(15)
R016 Unsaturated zone I (0c"3/g) 3 2.000E+02 6.000E+04 $ DCNUC(15,1)
R016 Saturated zone (ct"3/g) ' 2.000E+02 6.000E+04 ' --- OCNucS(15)
R016 Leach rate C/yr) S 0.000E+00 0.000E+00 4.341E-05 ' ALEACHI15)

R016 Soubiity constant 0.000E+00 0.000E+00 not used * SOLUBK(1S)

R016 s Distributlon coefficients for daughter Th-232
1016 $ Contaminated zone (c*3/g) 6.000E+04 6.000E+04 --- DCNUCC(16)
R016 Unsaturated zone I C**3/g) 6.000E+04 6.000E+04 --- ' DCWICU(16,l)
2016 * Saturated zone (cte3/g) ' 6.000E+04 * 6.000E0.4 - * DCNMCS(16>

R016 Leach rate (/yr) 0.0E+00 0.000E00 1.44SE-07 ALEACH(16)
R016 Solubility constant 0.000E00' 0.000E+00 not used ' SOLUBK(16)

R016 Distribution coefficients for daughter U-233
R016 ' Contaminated zone (ca*3/g) 2.000E+00 ' 5.000E+01 3 . DCUUCC(17)
R016 ' Unsaturated Zone 1 (W-3/g) 2.0000 5.000E+01 --- DcwUCU(17,1)

R016 Saturated zone (a*3/g) ' 2.0000 5.000E01 O-- DCNUCS(17)
R016 Leach rate (/yr) 0.000E+00 0.000E+00 a 4.080E-03 ALEACN(17)
R016 So lubitity constant 0.000E+00 '0.000E00 not used ' SOLUBK(17)

R016 Distribution coefficients for daughter U-235
R016 ' Contaminated zone (c-*3/9) 5.000E+01 5.000E+01 DCNUCCCIS)
R016 3 Unsaturated Zone 1 (ct*3/g) 5.000+01 5.000E+01 - ' DCNUCU(18,1)
Roi& a Saturated tone (ct*3/g) 3 5.000E+01 5.000E.01 O- - ' CNUCS(18)
R016 Leach rate (/yr) 0.000+00 0.000E00 ' 1.733E-04 * ALEACN(18)
R016 * SoLubitity constant 0.000E+00 0.000E+00 not used ' SOLUIK(IS)

R016 Distribution coefficients for daughter U-236 3

R016 3 Contaminated Zone (Coe3/g) 3 5.000E01 5.000E+01 - DCNUCC(19)
R016 3 Unsaturated zone I (ct*3/g) ' 5.000E+01 * 5.000E+01 3 --- * DCNUCU(19.1)

R016 * Saturated zone (crf3/g) ' 5.000E+01 ' 5.000)+01 ' - CNUCS(19)

R016 Leach rate (/yr) 0.0E+00 0.000E+00 1.733E-04 3 ALEAC(19)
R016 Sotubilty constant 0.000E+00 ' 0.000E00 ' not used SOLUK(19)

R017 Inhalation rate (Wt3/yr) 8 8.400E+03 3 8.400E+03 -- INHALR
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Site-Specific

Men j Parameter
AAAAhAAAAAAAAAAAAAAAAAAAAAAUAAAAAAAWAAA AAAAAA
R018 Contamination fraction of milk

R019 Livestock fodder intake for meat (kg/day)
R019 S Livestock fodder intake for milk (kg/day)
R019 Livestock ater intake for meat CL/day)
R019 ' Livestock water intake for milk (L/day)
R019 S Livestock soil intake (kg/day)
R019 Mass loading for lotiar deposition (g/rt'3)
R019 ' Depth of soil mixing layer (m)
0019 * Depth of roots Cm)
R019 Drinking water fraction from ground water
R019 Household water fraction from ground water
R019 ' Livestock water fraction from ground water
R019 I Irrigation fraction from ground water

R191 3 Wet weight crop yield for Non-Leafy (kg/t*2)
R190 Wet weight crop yield for Leafy Ckg/m'2)
R19B W et weight crop yield for Fodder (kg/nt2)
R195 ' Growing Season for Non-Leafy (years)
R19B Growing Season for Leafy (years)
R19B Growing Season for Fodder (years)
I198 Translocation Factor for Non-Leafy
R198 ' Translocation Factor for Leafy
R19B Translocation Factor for Fodder
R19 Dry Foliar Interception Fraction for on-Leafy
R199 ' Dry Foller Interception Fraction for Leafy
R191 * Dry Foliar Interception Fraction for Fodder
R191 Wet Foliar Interception Fraction for Mon-Leafy
R19B Wet Foliar Interception Fraction for Leafy
R198 * Wet Foliar Interception Fraction for Fodder
R198 Weathering Removal Constant for Vegetation

C14
C14
C14
C14
C14
C14
C14
C14
C14
£14

STOR
STR
STOR
STOR
STOR
STOR
STOR

C-12 concentration in water (g/ct*3)
C-12 concentration in contaminated soil (g/g)
Fraction of vegetation carbon from soil
Fraction of vegetation carbon from air
C-14 evasion layer thickness in soil (m)
C-14 evasion flux rate from soil (/se)
C-12 evasion flux rate from soil (1/se)
Fraction of grain in beef cattle feed
Fraction of grain in milk cow feed
DCF correction factor for gaseous forms of C14

Parameter Sumaary (continued)
Usir I I Used by RESAD Parameter

' Input I Default I (If different from user input) Name
. . ... I...asfnX5X5fl55SSISXXX fljxXXXX25xX31A5XXRnXIIEXX R

*I 1 -

6.800E+01
5.500E+01
5.000E+01
1.600E1+02
5.000E-01
1.000E-04
1.500E-01
9.000E-01
1.000E+00
not used
1,000E+00
1.000E+00

7.000E-01
1.500E+00
1.100E+00
1.700E-01
2.500E-01
8.000E-02
1.000E-01
1.000E+00
.000E+00

2.50DE-01
2.500E-01
2.500E-01
2.500E-01
2.500E-01
2.500E-0
2.000E+0I

not used
not used
not used
not used
not used
not used
not used
not used
not used
not used

Storage times of contaminated foodstuffs (days): '
Fruits, non-leafy vegetables, and grain ' 1.400E+01
Leafy vegetables 1.000E+00
milk 3 1.000E00
Meat and poultry 2.000E+01
Fish 7.000E+00
Crustacea and mollusks 1 7.000E+00

6.800E+01
5.500E+01
5.000E+01
1.600E+02
5.000E-01
1.000E-04
1.500E-01
9.000E-01
I.000E+00
1.000E+00
1.000E+00
1.000E+00

7.OOOE-01
1.500E+00
1.100E+00
1.700E-01
2.500E-01

.000E-02
1.000E-01
1.000E+00
1.000E+00
2.500E-01
2.500E-01
2.500E-01
2.500E-01
2.500E-01
2.500E-01
2.000E+01

2000E-05
3.000E-02
2.OOOE-02
9.800E-01
3.00E-01
7.000E-07
1.000E-10
8.000E-01
2.000E-01
8.894E+01

1.400E+01
1.000E+00
1.000E+00
2.000E+01
7. OOOE+00
7.000E+00

FaIL

LFIS
MF6

LW15
LSI
HLFD
ON
DROT
FGWW
FGWHH
FGWLW
FGUIR

YV(2)
YV(3)

TE(3)
TIV(l)
TIV(2)
TIV(3)
RDRY(1)
RDRY(2)
RDRY(3)
RWET(1)
RWET(2)
RWET(3)
WLAM

C12WTA
C12CZ
CSOIL
CAIR
DNC
EVSN
REVSN
AVFG4
AVFG5
C02F

STOR_T(1)
ST0RT(2)
57ORIT(3)
sToR_7(4)

STORT(6)
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Site-Specific Parameter Sumary (continued)
0 ' user Used by RESRAD Parametermenu 3 Paraeter $ Input Default (if different from us"e input) ' Name

AAAAAAAAAAAAAAMAAA AAAA&AAXAAAAAAA WAMAAAAAAAA AAAAHAAAMAAAAAAAAAAAAAA MAUAAAAAA AAAAAASTOR W ait 1 water ' 1.000E+00 I 1.000E+00 I -I STOR_T(7)
STOR Surface water .000E+00 ' 1.000E+00 I-- ' STOR T(8)
STOR Livestock fodder 4.500E+01 4.500E+01 --- STORT(9)

R021 ' Thickness of building foundation (m) not used 1.500E-01 ' -- ' FLOOR1
R021 Bulk density of building foundation (g/cm*3) - not used 2.400E+00 --- DENSFL
2021 ' Total porosity of the cover material ' not used ' 4.000E-01 -- ' TPCV
4021 ' Total porosity of the building foundation ' not used ' 1.000E-01 ' --- TPFL
R021 * Volumetric water content of the cover material. not used 5.000E-02 H--- P20CV
R021 ' Voliuetric water content of the foundation not used ' 3.OGOE-02 -- 3 PH20FL
R021 3 Diffusion coefficient for radon gas (m/sec):
R021 * in cover material not used ' 2.000E-06 I -- ' DIFCV
*021 in foundation material not used 3.000E-07 --- DIFFL
*021 * in contaminated zone soit not used 2.000E-06 ' DIFCZ
R021 ' Radon vertical dimension of mixing (m) ' not used 3 2.000E+00 I-- HNIX
R021 Average building air exchange rate (1/hr) not used ' 5.000E-01 -- REXG
R021 H eight of the building (room) (m) ' not used ' 2.500E+00 ' -- HRM
R021 Building interior area factor not used ' 0.000E+00 FAI
R021 a Building depth below ground surface (m) ' not used '-1.0OE.00 I. DFL
R021 a Emanating power of Rn-222 gas * not used 2.5 -lE-01 EMIANAO1)
R021 ' Emanating power of Rn-220 gas not used a 1.5QOE-01 EMANA(2)

TITL Nulber of graphical time points a 32 --- S --- NPTS
TITL Maxisa nuimer of integration points for dote I -- ' LYMN4
TITL Maximu n er of integration points for risk * 5 -- yAX

Summary of Pathway Selections

Pathway a User Selection
AAAMAAAAAAAAAAAAAAAAAAI3U15EiAAAA U AMAAAA

I- external ga s active
2 -- inhalation (w/o radon)' active
3 -- plant ingestion ' active
4 - meet ingestion active
5 -- silk ingestion active
6 -- aquatic foods ' active
7 - drinking water ' active
8 - soilt ingestion ' active
9 - radon suppressed
Find peak pathway doses active

1111 111 illIliI1I III I tliilil~ ill if I tlil I I
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Dose Conversion Factor (and Related) Parameter Summary
File: HEAST 2001 Morbidity

0 3 Current ' ' Parameter
Menu Parameter Value I Default I Name

...................................... ............. x...

Dose conversion factors for inhalation, rem/pCi:
Ac-227+0

3 Am-241
' Co-60
3 Cs-137+D

Eu-154
Eu-155
H-3
1i-63
Np-237+D
P3a-231
Pu-239
Pu-240
Ra-228+0
Sr-90+
Th-228+0
Th-229+0
Th-232
U-233
U-235+D
U-236

Dose conversion factors for ingestion, mremVpCi:
Ac-227+0
Am-241
Co-60
Cs-137+0
Eu- 154
Eu-155
N-3
ki-63
Np-237+0
Pa-231
Pu-239
Pu-240
Ra-228+0
Sr-90+D
Th-228+0
Th-229+0
Th-232
U-233
U-235+0
U-236

Food transfer factors:
Ac-227+D , plant/soil concentration ratio, dimensionless
Ac-227+D , beef/livestock-intake ratio, (pCi/kg)/(pci/d)
Ac-227+0 , mitk/Livestock-intake ratio, (pCi/L)/(pci/d)

6.720E+00
4.440E-01
2.190E-04
3.190E-05
2.860E-04
4.140E-05
6.400E-08
6.290E-06
5.400E-01
1.280E+00
4.290E-01
4.290E-01
5.080E-03
1.310E-03
3.450E-01
2.160E+00
1.640E+00
1.350E-01
1.230E-01
1.250E-01

1.480E-02
3.640E-03
2.690E-05
5.000E-05
9.550E-06
1.530E-06
6.400E-08
5.770E-07
4.440E-03
1.060E-02
3.540E-03
3.540E-03
1.440E-03
1.530E-04
8.080E-04
4.030E-03
2.730E-03
2.890E-04
2.670E-04
2.690E-04

2.500E-03
2.000E-05
2.000E-05

6.720E+00
4.440E-01
2.190E-04
3.190E-05
2.860E-04
4.140E-05
6.400E-08
6.290E-06
SAOE-01
1.280E+00
4.290E-01
4.290E-01
5.080E-03
1.310E-03
3.450E-01
2.160E+00
1.640E+00
1.350E-01
1.230E-01
1.250E-01

1.480E-02
3.640E-03
2.690E-05
5.00SE-05
9.550E-06
1.530E-06
6.40E-08
5.770E-07
4.440E-03
1.060E-02
3.540E-03
3.540E-03
1.44OE-03
1.530E-04
8.080E-04
4.030E-03
2.730E-03
2.890E-04
2.670E-04
2.690E-04

2.500E-03
2.000E-05
2.OOE-05

DCF2( 1)
DCF2( 2)
DCF2( 3)
DCF2( 4)
DCF2( 5)
DCF2( 6)
DCF2( 7)
DCF2( 8)
DCF2( 9)
DCF2(10)
DCF2(11)
DCF2(12)
DCF2(13)
DCF2(14)
OCF2(l5)
DCF2(16)
DCF2(17)
DCF2(18)
DCF219)
DCF2(20)

DCF3C 1)
DCF3( 2)
DCF3( 3)
DCF3( 4)
DCF3( 5)
DCF3( 6)
DCF3( 7)
DCF3( 8)
DCF3( 9)
DCF3(10)
DCF3(11)
DCF3(12)
DCF3(13)
DCF3(14)
DCF3(15)
DCF3(16)
DCF3(17)
0CF3(18)
DCF3(19)
DCF3(20)

RTF( 1,1)
RTF( 1,2)
RTF( 1,3)
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Dose conversion Factor (and Related) Parameter Supiary (continued)
File: HEAST 2001 morbidity

0 'current 
I I Parameter

Menu 'Parameter ' Value 3 Default I Name
AAAAA AAAAUU AAAAMAAAAHAM AAAAAMMAA AXUA AAAAAAAAAAAWAAMAAAAAMA AUMAAAMAA MAAAAAAA

0-34 ' Am-241 plant/soil concentration ratio, dimensionless; 1.OOE-03 1.00E-03 ' RIF( 2,1)

0-34 Am-241 beef/Livestock-intake ratio, (pCi/kg)/(pCi/d) ' 5.000E-05 5.000E-05 R TF( 2,2)

0-34 ' Am-241 mitk/livestock-intake ratio, (pCi/L)/(pCi/d) 2.000E-06 2.OOOE-06 RIF( 2,3)
D9341
0-34 Co-60 plant/soit concentration ratio, dimensionless 8.OOOE-02 8.000E-02 ' RTF( 3,1)

D-34 ' Co-60 beef/tivestock-intake ratio. (pCi/kg)/(pCi/d) 2.OOE-02 ' 2.000E-02 $ RTF( 3,2)
D-34 Co-60 milk/livestock-intake ratio, (pCI/L)/(pCi/d) 2.000E-03 2.000E-03 ' RTF( 3,3)

D-34~
0-34 Cs-13?+0 plant/soit concentration ratio, dimensionless ' 4.000E-02 ' 4.SOOE-02 RIF( 4,1)

0-34 ' Cs-137+0 beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3.OOOE-02 ' 3.000E-02 RIF( 4,2)

D-34 ' Cs-137+ milk/tivestock-intake ratio, (pCi/L)/(pCi/d) 3 S.OGOE-03 I 8.00E-03 I RIF( 4,3)

D-34
0-34 Eu-154 plant/soit concentration ratio, dimensionless ' 2.500E-03 2.500E-03 ' RIF( 5,1)

0-34 * Eu-154 beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 2.0E-03 2.000E-03 * RIF( 5,2)

D-34 3 Eu-154 , mitk/livestock-intake ratio, (pCi/t)/(pCi/d) 2.000E-05 2.000E-05 RIF( 5,3)

D-34I
D-34 Eu-155 , plant/soil concentration ratio, dimensionless ' 2.00E-03 2.500E-03 ' RIF( 6,1)
0-34 $ Eu-155 , beef/livestock-intake ratio, (pCi/kg)/(pti/d) ' 2.000E-03 2.000E-03 RIFt 6,2)
0-34 Eu-155 . milk/livestock-intake ratio, (pCi/L)/tpCi/d) 2.000E-05 2.OOE-05 RIF( 6.3)

0-34'
D-34 $-3 , plant/soil concentration ratio, dimensionless ' 4.800E+00 ' 4.800E+0O RTF( 7,1)

0-34 H-3 , beef/tivestock-intake ratio, (pCi/kg)/(pCI/d) ' 1.200-02 ' 1.200E-02 RIF( 7,2)
D-34 H-3 , milk/livestock-intake ratio, (pCi/L)/tpCi/d) .OOE-02 .D000E-02 RIF( 7,3)

0-34'
D-34 'i-63 , plant/soil concentration ratio, dimensionless 5.000E-02 5.000E-02 RIF( 8,1)

D-34 ' Ni-63 , beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) 5.000E-03 ' 5.OOE-03 RIF( 8,2)

0-34 ' Ni-63 , milk/Livestock-intake ratio, (pCi/L)/(pCi/d) 2.000E-02 2.OOE-02 RTF( 8,3)

0-34
D-34 3 p-237+0 , plant/soil concentration ratio, dimensionless 2.000E-02 2.OOOE-02 RIF( 9,1)

0-34 ' Np-237+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 1.000E-03 ' 1.000E-03 RIF( 9,2)

0-34 ' Mp-237+0 , milk/livestock-intake ratio, (pCi/L)/CpCi/d) 5.000E-06 5.000E-06 RIF( 9,3)

0-34'
0-34 'Pa-231 , plant/soil concentration ratio, dimensionless 1.000E-02 '.O0OE-02 RTF(10,1)

0-34 $ Pa-231 , beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) 5.000E-03 5.000E-03 RTF(10,2)

0-34 ' Pa-231 milk/livestock-intake ratio, (pCi/L)/tpCi/d) 5.000E-06 5.000E-06 RTF(1O,3)

D-34'
D-34 Pu-239 plant/soil concentration ratio, dimensionless ' 1.000E-03 '. OOE-03 RTFCI1,1)

D-34 ' Pu-239 beef/livestock-intake ratio, (pCi/kg)/CpCi/d) 1.000E-04 1.000E-04 RTF(11,2)

0-34 ' Pu-239 milk/livestock-intake ratio, (pCi/L)/(pCi/d) 1.000E-06 1.000E-06 RTF(11,3)

0-343
0-34 Pu-240 plant/soil concentration ratio, dimensionless ' 1.00E-O3 ' 000E-03 ' RIFC12,1)

D-34 ' Pu-240 beef/tivestock-intake ratio, (pCi/kg)/(pCi/d) I.OOOE-04 ' .000E-04 RTF(12,2)

D-34 ' Pu-240 milk/livestock-intake ratio, (pCi/L)/(pCi/d) 1.000E-06 .000E-06 RTFC12,3)

D-34'
0-34 Ra-228+0 , plant/soil concentration ratio, dimensionless ' 4.000E-02 4.000E-02 ' RTF(13,1)

D-34 lRa-228+0 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) ' 1.00E-03 1.000E-03 ' RTF(13,2)

D-34 ' Ra-228+0 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 1.000E-03 ' .OGE-03 RTF(13,3)
D-34'
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Dose Conversion Factor (and Related) Parameter Summary (continued)
File: BEAST 2001 Morbidity

I I Current ' I Parameter
Menu - Parameter I Value ' Default I Name
AAAAAAMAAAAAAAAAAAAAAAAAAA&AMOAAAAAAAWAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Sr-90+0
Sr-90+0
Sr-90+D

Th-228+0
Th-228+0
Th-228+0

Th-229+0
Th-229+D
Th-229+10

Th-232
Th-232
Th-232

U-233
U-233
U-233

U-235+0
U-235+0
U-235+0

U-236
U-236
U-236

, plant/soil concentration ratio, dimensionless
, beef/livestock-intake ratio, (pCi/kg)/(pci/d)
, milk/livestock-intake ratio, (pCi/L)/(pCi/d)

plant/soit concentration ratio, dimensionless
beef/Livestock-intake ratio, (pCi/kg)/(pCi/d)
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

, plant/soit concentration ratio, dimensionless
, beef/livestock-intake ratio, (pCiIkg)/(pCi/d)
, milklivestock-intake ratio, (pCi/L)/(pci/d)

, plant/soil concentration ratio, dimensionless
, beef/livestock-intake ratio. (pCi/kg)/(pCi/d)
, milk/livestock-intake ratio, (pCi/L)/(pCi/d)

, plant/soil concentration ratio, dimensionless
, beef/Livestock-intake ratio, (pCi/kg)/(pCi/d)
, milk/livestock-intake ratio, (pCi/L)/(pCi/d)

D-34 3
D-34
D-34
D-34 3
0-34
0-34
0-34
D-34
0-34
0-34
D-34
D-34
D-34
D-34
D-34 $

D-34
D-34
D-34
D-34
D-34 5
D-34
D-34
D-34
0-34
D-34
0-34
0-34

, plant/soil concentration ratio, dimensionless
, beef/livestock-intake ratio, (pCi/kg)/(pci/d)
, milk/livestock-intake ratio, (pCi/L)/(pCi/d)

3.000E-01
8.000E-03 3
2.000E-03

1.000E-03
1.000E-04'
5.000E-06

1.000E-03
1.000E-04
5.000E-06

1.000E-03
1.000E-04
5.000E-06

2.500E-03
3.400E-04
6.00OE-04

2.500E-03
3,400E-04
6.000E-04

2.500E-03
3.400E-04
6.000E-04

3.000E-01
8.000E-03
2.000E-03

1.000E-03
1.000E-04
5.000E-06

1.000E-03
I.000E-04
5.000E-06

1.000E-03
1.000E-04
5.ODOE-06

2.500E-03
3.400E-04
6.000E-04

2.500E-03
3.400E-04
6.000E-04

2.500E-03
3.400E-04
6.000E-04

RTF(14, 1)
RTF(14,2)
RTF(14,3)

RTFCI5,1)
RTF(15,2)
RTFC15,3)

RTFC16,1)
RTF(16,2)
RTF(16,3)

RTF(17,1)
RTF(17,2)
RTF(17,3)

RTF(18,1)
RTF(18,2)
RTF(18,3)

RTF(19,1)
RTFC 19,2)
RTF(19,3)

RTF(20,1)
RTF(20,2)
RTF(20,3)

D-5 Bioaccumutlation factors, fresh water, L/kg:
' Ac-227+D
' Ac-227+0

Am- 241
SAm-241

Co-60
* Co-60

fish
crustacee and mollusks

, fish
, crustacee and mollusks

, fish
crustacea and mollusks

Cs-137+D , fish
Cs-137+0 , crustacea and mollusks

fish
crustacee and mollusks

, fish
crustacee and mollusks

, fish
* crustacea and mollusks

1.500E+01 1.500E+01
1.000E+03 1.000E+03

3.000E+01 3.000E+01
1.000E+03 .OOOE+03

3.000E+02 3.000E+02
2.000E+02 3 2.000E+02

2.OOOE+03 O2.000E+03
'.000E+02 1.000E+02

5.000E+01 5.000E+01
1.000E+03 1.000E+03

5.000E+01 5.000E+01
t.000E+03 1 .000E+03

SIOFACC
BIOFAC(

BIOFAC(
BIOFACC

BIOFAC(
BIOFAC(

SIOFAC(
BIOFAC(

BIOFAC(
BIDFAC(

BIOFAC(
BIOFAC(

1,1)
1,2)

2,1)
2,2)

3,1)
3,2)

4,1)
4,2)

6,1)
6,2)

1.000E+00 S 1.000E+00 BIOFAC( 7,1)
1.000E+00 3 t.OOOE+00 BIOFAC( 7,2)

3 1 1
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IRESRAD,
Summary
Fil e

plant/soil concentration ratio, dimensionless
beef/livestock-intake ratio, CpCI/kg)/(pCi/d)
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

D-5
D-5
D-5
D-5
D-5
D-5
0-5
0-5
0-5
D-5
D-5
D-5
D-5
0-5
0-5
D-5
0-5
D-5
D-5
D-5
0-5

' Eu-154
' Eu-154

* Eu-155
' Eu-155

' H-3
* H-3

0

*
'

,
,
,

,
,
,

,
,
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Dose Conversion Factor (and Related) Parameter Summary (continued)
File: HEAST 2001 Morbidity

0 ' ' Current ' ' Parameter

Menu ' Parameter I Value ' Default ' fame

AAAAAAAAMAAAAUAAAAAAAAAAAAAAAMAMAAAAAAAAAAAAAAAAAUAAAMAAAMMAA
D-5 $ Ni-63 fish 1.000E+02 l.000E+02 I SIOFACC 8,1)
D-5 * Mi-63 crustacea and molLusks 1.000E+02 1.000E+02 ' BIOFACC 8,2)
0-5 1
D-5 Mp-237+D , fish 3.000E+01 ' 3.000E+01 810FAC( 9,1)

D-5 bNp-237+D crustace. and moltusks 4.000E+02 4.000E+02 BIOFAC( 9,2)
D-5' 

3

D-5 Pa-231 fish 1.000E+01 ' .OOOE+01 ' BIOFAC(10,1)

0-5 Pa-231 , crustacea and moltusks 1.100E+02 ' .IOOE+02 BIOFAC(10,2)
0-5 S 3.
0-5 ' Pu-239 , fish ' 3.000E+01 3.000E+01 B[OFACCI1,1)
D-5 Pu-239 , crustacea and motusks 1.000E+02 '1.OOE+02 BIOFAC(11,2)
o-5 33

D-5 Pu-240 , fish 3.000E+01 3.000E+01 ' BIOFAC(12,1)
D-5 * Pu-240 , crustacea and mwi lusks 1.000E+02 1.000E+02 BIOFAC(12,2)
D-5 I
D-5 Ra-228+D , fish 3 5.OOOE+01 I 5.000E+01 3 BIOFAC(13,1)
D-5 I Ra-228+0 crustacea and moltusks 2.500E+02 2.500E+02 BIOFAC(13,2)
0-5 -
D-5 - Sr-90+D , fish ' 6.000E+01 6.000E+01 ' BIOFAC(14,1)
0-5 - Sr-90+D , crustacea and mollusks 1.000E+02 1.000E+02 BIOFAC(14,2)
D-5 -
0-5 ' Th-228+D , fish I1.000E+02 1.000E+02 3 BIOFAC(15,1)
0-5 ' Th-228+D , crustacea and motlusks 5.000E+02 I 5.000E+02 810FAC(15,2)
D-5 3

D-5 Th-229+D , fish 1.000E+02 ' 1.000E+02 BIOFAC(16,1)
D-5 ' Th-229+D , crustacea and mollusks 5.000E+02 ' 5.000E+02 BIOFAC(16,2)

D-5 
A

D-5 Th-232 , fish 1.000E+02 1.00GE+02 BIOFAC(17,1)
D-5 Th-232 , crustacea and motlusks 5.000E+02 5.000E+02 BIOFAC(17,2)
0-5 $

D-5 U-233 fish ' 1.000E+01 1.000E+01 BIOFAC(1B,1)
D-5 U-233 crustacea and mottusks ' 6.00E+01 6.000E+01 BIOFAC(18,2)
D-5 I
D-5 U-235+0 , fish 1.000E+01 1.000E+01 BIOFAC(19,1)
0-5 ' U-235+D crustacee and moltusks 6.000E+01 6.000E+01 BIOFAC(19,2)
0-5 3

0-5 U 0-236 , fish ' 1.000E+01 ' 1.000E+01 BIOFAC(20,1)
0-5 U-236 crustacea and mollusks ' 6.000E+01 ' 6.000E+01 * BIOFAC(20,2)
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Site-Specific Parmeter Swrary
0 ' User I I
Reis,' Paraseter ' nu , DOfaut a

Arts of continated tone (Cr2)
Thickness of contaminated z", (m)
Length parallel to aqufer floW (a)
Basic radiation dose limit (ta/yr)
Time since placot of materiat (yr)
Times for calculations
Times for calculations
Times for calcutations
Times for calculations
Times for calculations
Times for calculations
Times for calculations
Times for calculations
Times for calculations

Roll
Roll
R011
Rol l
*011
R011
Roll
Roll
Roll
Roll
Ro11
Roil
Roil
Roll

R012
R012
A012
R012
R012
R012
R12
R012
R012
RAOl
R012
R012
R012
R012
R012
R012

Cyr)
Cyr)
Cyr)
(yr)
(Yr)
(yr)
Cyr)
Cyr)
Cyr)

L radioruclide
I radionrwlide
L radionuclide
I radionuctide
L radionuclide
t radionIclide
L red Iont ide
I radionuclide
groundwater
groundwater
groundWater
grountd.ater
groundwater
groijdwater
groundeater
grountater

(pCi/9):
(pcl/g):
(pci/g):
(pC/0):
(PCI/):
(pci/9):
(pei/g):
(pCi/g):
(pCi/t):
(pCi/L):
(pCi/I):
(pCi/L):
(pCi/L):
(pCI/L):
(PCi/L):
(pCi/L):

AM-241
Co- 60
Cs-137
Eu- 154
#1-63
Pu-239
Pu-240
Sr-90
Am-241
Co-60
Cs-137
Eu-154
Ni-63
Pu- 239
Pu- 240
Sr-90

R013 I Cover depth (m)
Density of cover eateriat (g/ct*3)
Cover depth erosion rate (Wyr)
Density of contaminated tone (g/cta*3)
Contaminated zone erosion rate Cmt/yr)
Contaminated zone total porosity
Contaminated Zone field capacity
Contaminated zone hydraulic condmctivity (m/yr)
Contwainated Zone b peraimeter
Average arnri wind speed (#avt)
Mumidity in air (g/tlW3)
Evapotranspiration coefficient
Precipitation (W/yr)
Irrigation (N/yr)
Irrigation mode
Runoff coefficient
Watershed area for nearby strews or pond (W-2)
Accuracy for ater/iit cooputations

1.240E+04
1.010E.01
I 1.200E+02
4.000E+00
0.000E+00
S.000E+00
3.000E+00
7.600E.00
S1.400E+01
4.200E+01
I.000E+02
1.370E+02
3.000E+02
1.000E+03

6.290E+02
9.460E+03
9.650E+04
9.280E+01
2.370E+03
5.649E+02
1.351E+02
2.150E+03
not imed
not used
not used
not used
not used
not used
not used
not used

4.600E+00
1.500E+00
1.000E-03
2.OOOE+00
I.000E-03
3.00CE-01
2.500E-01
2.500E+02
4.050E+00
3.400E+00
8.000E+00
9.100E-01
1.600E-01
0.ODOE+00
overhead
2.000E-01
1.000E+06
1.000E-03

'.000.E04
2.000E+00
1.000E+02
2.00E+01
0.000E+00
1.000E+00
3.000E+00
1.000E+01
3.000E+01
1.000E+02
3.000E+02
1.000E+03
0.000E+00
0.000E+00

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+000.OOOE+O0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00D.OOOE+00
0.002E+00
0.000E+00
0.000E+00
0.0001.00
O.000E+00

D.000E+00
1.500E+00
1.000E-03
1.500E+00
1.000E-03
4.000E-01
2.000E-01
1.000E.01
5.300E+00
2.000E+00
8.000E.00
5.000E-01

. OOE+00
2.000E-01
overhead
2.000E-01
1.000E+06
1.000E-03

Used by RESRAD - Parameter
(If different from user input) a Name

AREA
- THICKO
- LCZPAQ

TI
- T( 2)
'T( 3)

t( 4)
1( 5)

'1(8)
'1( 9)

T(10)

SIC 2)
* Sic 3)

SIC 4)
si( 5)
Sic 8)

* 51(11)
- $1(12)
* S1(14)
W it2)
W1( 3)
it 4)
V( 5)

- IC 8)
SW1011)
W1(12)
Wi(14)

COVERO
DENSCV
VCV
OENSCZ
VCz

-TPCZ
-- FCCZ
-MCC2

BCZ
WIND

-- MID
EVAPTR
PRECIP
RI
* ITCH
RUNOFF
WARIA
EPS

C-66

Initial principa
Initial prncipaI
initial principa
Initial principa
initial principa
initial principa
Initial principa
Initial principl
Concentration in
Concetration in
Concentration in
Concentration in
Concentration in
Concentration in
Concentration in
Concentration in

R013
R013
R013
R013
R013
R013
R013
R013
R013
B013
R013
R013
R013
R013
R013
R013
R013
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Site-Specific Parameter Stissary (continued)
0 User I I Used by RESRAD Parameter
Menu Parameter Input I Default I (If different fres user Input) ' Name
AAAAAAXUM AAAWAAAAMAWAAAAAAAAAAAAAAA 1AAAMHAAA1AAAL AAAAAAAAAAAAAAAAAAAAAUUAAAAA
R014 Density of saturated zone c/ct*3) * 2.90E+00 ' 1500E-00 DENSAO
R014 Saturated zone total porosity 3.OOOE-01 $ 4.00OE-01 TPSZ

R014 Saturated zone effective porosity ' 2.500E-01 2.000E-01 IPSZ
2014 ' Saturated zone field capacity ' 2.000E-01 3 2.000E-01 ' ' FCSZ

R014 Saturated zone hydraulic conductivity (m/yr) 5.530E+03 3 1.000E+02 -- ' HCSZ
R014 Saturated zone hydraulic gradient ' 1.250E-03 ' 2.000E-02 ' ' lGUT
2014 ' Saturated zone b parameter ' not used ' 5.300E+00 ' --- BSZ
R014 Water table drop rate (I/yr) ' 0.000E+00 ' 1.000E-03 vWT
R014 wait ptm; intake depth (a below water table) ' 4.600E+00 ' 1.000E+01 ' --- DIJIBUT
R014 ' Model: Nondispersion (ND) or Mass-Balance (MB) ND N --- MODEL

R014 Well pumping rate (t3/yrl 2.50E-02 ' 2.500E+02 UW

R015 Number of Unsaturated zone strata 1 M ' MS
R015 Unset. zone 1, thickness (a) ' 7.DOOE+00 4.000E+00 -- (1)
R015 ' Unsat. zone 1. soil density (g/ci*3) 2.000E+00 1.500E+00 -ENSUZ(1)

R015 Unset. Zne 1, total porosity 3.000E-01 ' 4.000E-01 TPUZ(1)
R015 Unst. one 1, effective porosity 2.500E-01 2.000E-01- EPUZ(1)
R015 aUnst. zone 1, field capacity I 2.500E-01 2.000E-01 FCUZ(l)

R015 I Unseat. Z" 1. soil-specific b parameter ' 4.050E+00 5.300E+00 BUZ(1)

R015 tUnset. zone 1, hydraulic conductivity (m/yr) 2.500E+02 1.000E-01 --- 'CUZCI)

R016 ' Distribution coefficients for AM-241
R016 ' Contaminated zone (c*3/9) 2.000E+02 2.000E+01 - DCNUCC( 2)
R016 ' Unsaturated zone 1 (cct3/g) 2.000E+01 2.000E+01 DCNJCU( 2,1)
R016 Saturated zone (je*3/g) 2.000E+02 * 2.000E+01 --- oCNUCS( 2)
R016 Leach rate (/yr) 0.000E+00 X000E+0Q 2.501E-06 ALEACHC 2)
R016 Solubility constant '. O0E+00 0.000E+00 not used SOLUBKC 2)

R016 3 Distribution coefficients for Co-60
R016 Contaminated zone (cmt*3/g) 5.000E+01 1.000E+03 --- DCNUCC( 3)
R016 ' Unsaturated tone 1 Cc*3/g) 1.000E+03 1.OOOE+03 DCNUCJ( 3,1)
R016 ' Saturated zon (cf*3/g) '5.000E01 .t000E+03 -DCWCS( 3)
R016 Leach rate (/yr) 0.000E+00 ' 000E+00 1.136E-05 ALEACH( 3)
R016 Sotubility constant 0.000E+00 0.000E+00 not used SOLUBK( 3)

R016 ' Distribution coefficients for Cs-137
R016 ' Contaminated zone (cit3/g) ' 5.000E+01 I .ODOE+03 DCNUCC( 4)

9016 3 Unsaturated zone 1 (ca*3/g) 1.000E+03 I .000E+03 DCUCU( 4,1)

R016 3 Saturated zone (ct**3/g) ' 5.000E+01 1.000E+03 --- DCNUCS( 4)
R016 Leach rate (/yr) 0.000E+00 ' 0.000E+00 1.138E-05 ALEACH( 4)
R016 Solubility constant 0.000E+00 ' 0.000E+00 not used SOLUBK( 4)

2016 ' Distribution coefficients for Eu-154
R016 Contaminated zone (cmP*3/g) 2.OOOE+02 '-1,OOE+00 ' $.249E+02 'CNUCC( 5)
R016 ' Unsaturated zone I (crt-3/g) 11.000E+00 1.000E+00 8.249E+02 DCNUCU( 5,1)
R016 Saturated zone (ccl*3/g) ' 2.GOOE+02 -1.000E+00 .249E+02 DCNUCSC 5)
R016 ' Leach rate (/yr) 0.000E+00 0.000E+00 6.913E07 ALEACH( 5)
R016 Solubility constant ' 0.000E+00 0.000E+00 not used SOLUBK( 5)
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Site-Specific Parameter Swuawry (continued)
0 ' ' User I Used by RESAL ' Parameter

Menu I Parameter $ Input I Default I (If different from user input) 3 Name
AIiIARE iiHMiIgXUUghtIIU1UgflgflXitglkX uflhIIxxx zikxx flfanxzzuxxxxxinmaszna .nan.x.x Ma.n....................
R016 I Distribution coefficients for Ni-63
R016 j Contaminated zone (c"3/g)
R016 I Unsaturated zone 1 (Cct3/g)
R016 Saturated zone (caU*3/g)
R016 A Leach rate (/yr)
R016 I Sotubiltity constant

Distribution coefficients for Pu-239
Contaminated zone (ecet3/g)
Unsaturated zone 1 (cat3/g)
Saturated zone (ie*3/g)
Leach rate (/yr)
Sotubility constant

Distribution coefficients for Pu-240
Contaminated zone (c0'*3/g)
Unsaturated zone 1 Ccm*3/g)
Saturated zone (ccii3/g)
Leach rate (/yr)
Solubility constant

Distribution coefficients for Sr-90
Contaminated zone (ct-3/9)
Unsaturated zone I (cat*3/g)
Saturated zone (tte*3/g)
Leach rate C/yr)
Sotubitity constant

Distribution coefficients for daughter Ac-227
Contaminated zone (cc*3/g)
Unsaturated zone 1 (crf*3/g)
Saturated zone (cm*3/g)
Leach rate (/yr)
Sotubility constant

Distribution coefficients for daughter Eu-155
Contaminated zone (an**3/g)
Unmsaturated zone I (cm*3/g)
Saturated zone (0et3/g)
Leach rate (/yr)
Solubility constant

Distribution coefficients for daughter H-3
Contaminated zone (cW-*3/g)
Unsaturated zone I (ct-3/g)
Saturated zone (cW*3/g)
Leach rate (/yr)
Solubitity constant

3.000E+01 3

1.00E+03 3

3.000E+01 3

0.000E+00 '

0.000E.00

2.OOOE+02
2.000E+03
2.000E+02 3
0.00OE+00 *O.OGOE.000.000E+00

2.000E+02 3

2.000E+03 3
2.ODOE+02
0.ODOE+0O
0.OOOE+00

1.500E+01
3.000E+01 3

1.500E.01 3

O.OOE+00 3

MOO.E+00

2.000E+01 I

2.000E+0 3
2.00E+01
0.0005.00 3

0.000E+00

9016
R016
R016
R016
R016
R016

R016
R016
R016
R016
R016
R016

R016
R016
R016
R016
R016
R016

R016
R016
R016
R016
R016
R016

R016
R016
*016
R016
R016
R016

R016
R016
R016
R016
R016
1016

I.OOOE+03 3
I.OOOE+03 "

L.OOOE+03 -'

O.OOOE+00 3

0.000E+00 3

2.000E+03
2.000E+03
2.000E+03
0.000E00
2.000E+00

2.000E+03 3

2.000E+03 3

2. OOOE+03 5
0.0005.00
0.000E+00

3.000E+01
3.000E+01
3.000E+01
0.000E+00 3

0.000E+00

2.000E+01 3

2.OOE+01
2.000E+01
0.0001E00
0.000E+00 3

,-1.00E+00
61.000E+00
'-1.00E+00

0.000E+00
I 0000E+00

* 0.000E+00
I 0.OOOE-00
I 0.000E+00
I 0.000E+00
I 0.000E.00

1.893E -05
not used

2.850E-06
not used

2.850E-06
not used

3.771E-05
not used

2.834E-05
not used

8.249E+02
8.249E+02
8.249E+02
6.913E-07
not used

4.562E-03
not used

DCNUCCC 8)
DCNUCU( 8.1)
DCMUCS( 8)
ALEACHC 8)
SOLUBK( 8)

DCNftC(11)
DCVU(11,1)
OCWUCS(11)
ALEACHC11)
SOLUMO(1I)

OCNUCC(12)
DCJCU(12,1)
DCNUCS(12)
ALEACH12)
SOLUBK(12)

DCNUCC(14)
DCNUCUc 14,1)

CNUCSC14)
ALEACH(14)
SOLUBK(14)

DCNUCC(
DCWJOC(
DCNJCS(
ALEACM(
SOLUBK(

DCNUCC(
DCNUCU(
DCUCS(
ALEACH C
SOLUGK(

DCNUCC(
DCNUM(
OCNUCS(
ALEACH C
SOLUSK(

1)
1,1)
1)
1)
6)

6)
6,1)
6)
6)
6)

7)
7,1)
7)
7)
7)

C-68

2.000E+02
-1.000E.00
2.000E.02
0.000E00
0.00E+00

0.000E+00
0.000E+00
0.000E.00
0.000E+00
0.000E+00
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Site-Specific Parameter Summary (continued)
0 1 User I Used by RESRAD Parameter

Men ' Parameter I IIput s Default I (if different from ter input) ' 11mme

R016 I Distribution coefficients for daughter Np-237
R016 I Contaminated zone (c**3/g) '-1.000E+00 -1.000E+00 I 2.574E+02 ' DCRUCC( 9)
R016 ' Unsaturated zone 1 (cW*31) 1-.000E+00 "1.000E+00 ' 2.574E+02 DCNUCU( 9,1)
R016 3 Saturated zone (ct*3/g) 1-1.000E+00 11.000E+00 3 2.574E+02 DCMUCS( 9)
R016 I Leach rate (/yr) 0.000E+00 ' 0.000E+00 I 2.214E-06 ALEACN( 9)
R016 Solubility constant ' 0.000E+00 I 0.000E+00 ' not used SOLUSK( 9)

R016 ' istribution coefficients for daughter Pa-231
R016 $ Contminated zone (ci*31) ' 5.000E+01 5.OOOE+01 DCNUCC(10)
R016 ' Unsaturated zone 1 (ci*3i/g) ' 5.000E+01 5.000E+01 * - DCNUCU(10,1)

R016 Saturated tone (c**3/g) ' 5.000E+01 ' 5.000E+01 - ' DCMUCSCIO)

R016 Leach rate (/yr) 0.000E+00 ' O.OOE+00 1.138E-05 ALEACH(CI)
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK(10)

R016 * Distribution coefficients for daughter Oa-228
R016 ' Contaminated zone (cit3/g) 1 1.0006+02 7.000E+01 - DCMCC(13)
R016 ' Unsaturated Sure I Cuf*3/g) 7.000E+01 7.OGOE+01 DCNICU(13,1)
R016 * Saturated zone (cit3/g) 3 1.000E+02 I 7.OOOE+01 I --- DCNUCS(13)
R016 ' Leach rate (/yr) I 0.000E+00 I 0.000E+00 5.696E-06 ALEACH(I3)
*016 Sotubility constant 0.000E+00 0.000E+00 not used SOLUBI(13)

*016 Distribution coefficients for daughter Th-228
R016 ' Contaminated Zone (ct*3/g) 3 2.OOE+02 6.000E+04 DCIUCC(15)
R016 Unsaturated zone 1 (ctl*31) ' 6000E+04 6.000E+04 DCNUCU(15,1)
R016 saturated zone (ce*3/g) 2.OCOE+02 6.000E+04 --- DCNUCS(15)
R016 Leach rate (/yr) ' 0.EOOE+00 0)OE+00 2.850E-06 ALEACHt1S)
R016 I Solubility constant 3 0.000E-00 0.000E+00 not used SOLUBK(15)

R016 ' Distribution coefficients for daughter Th-229
R016 Contaminated zone (nf 3/g) 6.00E+04 6.000E+04 ... DCNUCC(16)
R016 Unsaturated zone 1 (cr**3/g) ' 6.00E+04 ' 6.000E-04 '--- OCNICU(16,)
R016 ' Saturated zone (cM-3/g) ' 6.000E+04 6.000E+04 'CMUCSCI6)

R016 L teach rate (/yr) ' 0.000E+00 I 0.000E+00 9.505E-09 I ALEACH(16)
R016 3 Solubli ity constant ' 0.OOE+00 I 0.00E+00 not used SOLUOK(16)

RD16 I Distribution coefficients for daughter Th-232
R016 Contaminated zone (Cm*3/g) ' 2.000E+02 6.000E+04 OCNUCC(17)
R016 Unsaturated zone 1 (ct 4- 3/g) 6.000E+04 6.00DE+04 3 DCNUCU(17,I1)
R016 I Saturated zone (cr*3Ig) ' 2-.00E+02. 6.000E+04 * -- DCNUCS(17)
R016 ' Leach rate (/yr) 0.000E+00 I 0.000E+00 2.850E-06 ALEACH(17)
R016 Solubility constant 0.000E+00 0.000E+00 not used SOLUBK(17)

R016 ' Distribution coefficients for daughter U-233
R016 3 ContamInated zone (CW$3fg) 5.000E+01 5.000E+01 - ' DCWCC(l8)

R016 ' Unsaturated zone 1 (ct'-3/g) 5.000E+01 5. 000E+01 - ' OCMUCU(18,1)
R016 saturated zone (cie*3/g) 5.000E+01 5.00E+01 ' --- ' DCNCS(18)
R016 Leach rate C/yr) 0.000E+00 0.000E+00 1.1381E-05 ALEACH018)
R016 3 Soltubility constant ' 0.000E+00 0.000E+00 not used SOLUSKICR)
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Site-Specific Parameter Summary (continued)0 I User I I Used by RESRAD Parameter
Menu Parameter Input I Default ' (if different from user input) Name

....... ZIX f ....... .......................... t- ......... ..........................~d~s~~t~t
Distribution coefficients for daughter U-235

Contaminated zone (c$*3/g)
Unsaturated zone 1 (cC*3/g)
Saturated zone (c'3/g)
Leach rate (/yr)
Sot Ubil ity constant

Distribution coefficients for daughter U-236
Contaminated zone (ct'3/g)
Unsaturated Zone 1 (cM**3/g)
Saturated zone (cr**3/g)
teach rate (/yr)
Soltii I ity constant

R016
R016
R016
R016
R016
R016

R016
R016
R016
R016
R016
R016

Rol?
RHOt?
Roll
Rol?
R017
Rol?
R017
R017
R017
017

R017
Roll
Rot?
Roll
R017
R017
R017
Rot?
R017
RO7
R017

Rol?
Rol7
R017
R017
R017
R017
Roll
R017
R017
R017
R017
ROl
R017

1):

annular areas within AREA:

2.000E+00
5.000E+01
2.OOOE+0O
0.000E+00
0.000E+00

2.000E+00
5.000E+01
2.ODOE+00
0.000E+00
0.000E+00

8.400E+03
I.000E-04
3.000E+01
4.000E-01
7.000E-01
5.000E-01
2.500E-01
I .000+00

not used
not used
not used
not used
not used
not used
not used
nat used
not used
not used
not used
not used

not
not
not
not
not
not
not
not
not
not
not
not

used
used
used
used
used
used
used
used
used
used
used
used

$.0O0E+01
5.000E+0-
5.000E+01
0.000E+00
0.000E+00

5.000E+01
5.000E+01
5.000E+01
0.000E+00
0.000E+00

8.400E+03
I.000E-04
3.000E+01
4.000E-01
7.000E-01
5.000E-01
2.500E-01
t.o00E+00

5.000E+01
7.071E+01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

1.000E+00
2.732E-01
0.000E+00
0.OOOE+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

2.684E-04
not used

2.654E-04
not used

>0 shows circuLar AREA.

C-70

Inhaation rate (m*3/yr)
Mass Loading for inhalation (9/t**3)
Exposure duration
Shielding factor, inhalation
Shielding factor, external games
Fraction of time spent indoors
Fraction of time spent outdoors (on site)
Shape factor flag, external Sam
Radii of shape factor array (used if FS t

Outer arular radius (m), ring 1:
Outer an tar radius (m), ring 2:
Outer annular radIus (m), ring 3:
Outer asnular radius Cm). ring 4;
Outer ainnlar radius (m), ring 5:
Outer annular radius (m), ring 6:
Outer annular radius (a), ring 7:
Cuter annular radius (a), ring 8:
Outer annular radius (m), ring 9:
Outer arnlar radius (m), ring 10:
Outer arnnlar radius Im), ring 11:
Outer annular radius Cm), ring 2:

Fractions of
Ring 1
Ring 2
Ring 3
Ring 4
Ring 5
Ring 6
Ring 7
Ring 8
Ring 9
Ring 10
Ring 11
Ring 12

DCNUCC(19)
OCNCU(19,1)
OCNUCSC19)
ALEACN(19)
SOLUBK(19)

DCNUCC(20)
OCNUCU(20,I)
DCNUCSC20)
ALEACK(20)
SolUBk(20)

INHALR
MLINH
ED
SNF3
SF1
FIND
FOTD
FS

RAO SHAPE( 1)
RAOSHAPEC 2)
RMDSNAPE( 3)
RAD SHAPE( 4)
RADSHAPE( 5)
RAD SHAPE( 6)
RD7 SHAPE( 7)
RHAD SMAPE( 8)
RAD SNAPE( 9)
RAD SKAPE(10)
MAO SHAPE(l)
RAD SHAPE(12)

FRACA( I)
FRACA( 2)
FRACA( 3)
FRACA( 4)
FRAtA( 5)
FRACA( 6)
FRACA( 7)
FRACA( 8)
FRACAC 9)
FRACA(10)
FRACACII)
FRACA(12)
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Site-Specific Parameter SUwMnry (continued)
0 User I Used by RESRAD ' Parameter

Menu Parameter I Input I Default (if different from user input) Name
AAUL&AAAAOAAAMUAAAAAAA WAAUAU OAAAAAU Al A UAAIIAAAAAAAAAAWAAAAAAAAAX AMIMAAU U A

R018 Fruits, vegetables and grain consumption (kg/yr) 1.600E+02 1.600E+02 - DIET1)

ROll ' Leafy vegetable consumption (kgfyr) 1.400E+01 ' 1.400E+01 --- 01ET(2)
R018 I Milk consumption (L/yr) 3 9.200E+01 ' 9200E+01 DIET(3)

R018 ' Meat and poultry consumption (kg/yr) ' 6.300E01 ' 6.300E.01 DIET(4)
R018 I Fish consumption (kg/yr) 5.400E+00 ' 5.400E+00 I DIET(S)
R018 i Other seafood consumption (kg/yr) 9.000E-01 ' 9.000E-01 --- DIET(6)
R018 I soil ingestion rate (g/yr) 3.650E+01 3.650E+01 ' SOIL
9018 1 Drifting water intake (L/yr) L7.30E+02 5.100E+02 --- I DWI
R018 I Contamination fraction of drinking water S 1.000E+00 3 1.000E+00 ' FDW

N018 s Contamination fraction of household water not used I 1.000E+00 ' -- F M

R018 ' Contamination fraction of livestock water I1.000E+00 1.000E+00 - FLW

R018 s Contamination fraction of irrigation water 1.00E+00 I.OOOE+00 --- FIRN

K018 ' Contamination fraction of aquatic food 5.000E-011 5.000E-01 --- FR9

*018 * contination fraction of plant food 1 0.50000 'FPLAU

R018 5 Contamination fraction of meat -0.620.00 3PEAT

K018 t Contamination fraction of milk 1 -1 0.620E+00 FMILK

9019 ' Livestock fodder intake for mat (kg/day) ' 6.800E+01 ' 6.800E+01 - IF15
R019 I Livestock fodder intake for milk (kg/day) 5.500E+01 5.500E+01 --- LFI6
9019 Livestock water intake for meat (L/day) ' 5.000E+01 ' 5.OOE+01 - LWIS

R019 I Livestock water intake for milk (L/day) I 1.600E.02 3 1.600E+02 LW16

R019 I Livestock soil intake (kg/day) I L.OOOE-01 5.000E-01 -- LSI

R019 N aus loading for foliar deposition (g/t"3) I.tOOE-04 3 1.000E-04 --- MLFD

R019 Depth of soil mixing layer (a) ' 1.500E-01 1.500E-01 N- 30

*019 Depth of roots () 9.000E-01 ' 9.DOOE-01 --- DR00T

019 brinking water fraction from ground water 1.000E+00 11.000E+00 Fatt

R019 h iousehold water fraction from ground water not usd 1.000E+00 FG-NH

R019 * Livestock water fraction from ground water I1.000E00 1.000E+00 FGWL

R019 irrigation fraction from ground water I1.000E+00 .OOOE+00 -- FGWIR

R19B Wet weight crop yield for Non-Leafy (kgtZ2) .000E-01 ' 7.000E-01 YV(I)
R190 Wet wight crop yield for Leafy (kg/atf2) ' 1.500E-00 I 1.500E+00 YV(2)
R190 I Wet weight crop yield for Fodder (kg/rm2) .100E+00* 1.100E+00 ' -- YV(3)
R198 I Growing Season for Non-Leafy (years) 1.700E-01 ' 1.700E-01 --- TE(1)
R190 I Growing Season for Leafy (years) 2.500E-01 2.500E-01 TE(2)

R19B 3 Growing Season for Fodder (years) 8.000E-02 ' 8.000E-02 --- ' TE(3)

R19B Translocation Factor for Non-Leafy 1.000E-01 1000E-0l -" ' TIV(1)
R191 I Translocation Factor for Leafy 1.000E+00 ' 1.000E00 --- TIV(2)

R196 3 Translocation Factor for Fodder 1.000E+00 -.E+-* TIV(3)
R198 3 Dry Foliar Interception Fraction for Non-Leafy 1 2.500E-01 ' 2.500E-01 --- 3 RDRYcI)
R198 I Dry Foliar Interception Fraction for Leafy ' 2.500E-01 2.500E-01 --- RDRY(2)
R19B I Dry Folfar Interception Fraction for Fodder I 2.500E-01 2.500E-01 D --- * (3)
R199 3 Wet Foliar interception Fraction for Non-Leafy 2.500E-01 ' 2.500E-01 ' RWET(1)
R198 I Wet Foliar Interception Fraction for Leafy 3 2.500E-01 ' 2.500E-01 - RWET(2)
R199 I Wet Foliar Interception Fraction for Fodder 3 2.500E-01 ' 2.SOE-01 3 RWET(3)
R198 Weathering Removal Constant for Vegetation 2,000E+01 2.000E+01 WLA

C14 3 C-12 concentration in water (g/cm3) not used 2.000E-05 -C12WTR

C14 * C-12 concentration in contaminated soit (g/g) * not used ' 3.000E-02 -- C12CZ

C14 s Fraction of vegetation carbon from soit not used ' 2.000E-02 --- CSOIL
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Sumnary of Pathway SeLections

Pathway 3 User SeLection
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

external gaina
inhalation (w/o
plant ingestion
meat ingestion
miLk ingestion
aquatic foods
drinking water
soil ingestion
radon

radon)'

3

active
active
active
active
active
active
active
active

suppressed
Find peak pathway doses ' active

IlI II III f ii iiif II IIIIII!IIITII! I i 111i~ 1f f
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CALCULATION BRIEF EXCERPTS
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DISCLAIMER FOR CALCULATIONS

The calculations that are provided in the following appendix have been generated to
document compliance with established cleanup levels. These calculations should be
used in conjunction with other relevant documents in the administrative record.
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CALCULATION BRIEFS

The following calculation briefs have been prepared in accordance with WCH-DE-01,
Design Engineering Procedures Manual, EDPI-4.37-01, "Project Calculations,"
Washington Closure Hanford, Richland, Washington.

116-N-1 Combined Crib and Trench Cleanup Verification 95% UCL Calculation,
Calculation No. 0100N-CA-V0087, Rev. 1, Washington Closure Hanford,
Richland, Washington.

116-N-1 Combined Crib and Trench Cleanup Verification RESRAD Calculation,
Calculation No. 0100N-CA-V0088, Rev. 1, Washington Closure Hanford,
Richland, Washington.

Shallow and Deep Zone Sample Design for the 116-N-1 Trench and Crib, Calculation
No. 0100N-CA-V0085, Rev. 0, Washington Closure Hanford, Richland,
Washington.

116-N-1 Overburden Verification 95% UCL Calculation, Calculation No. 010ON-CA-
V0076, Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

116-N-1 Evaluation of Overburden for Backfill, Calculation No. 010ON-CA-V0077, Rev.
0, Bechtel Hanford, Inc., Richland, Washington.

Cleanup Verification Sampling of Overburden from the 116-N-1 Trench, Calculation No.
0100N-CA-V0070, Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

116-N-1 Trench Landbridge Cleanup Verification 95% UCL Calculation, Calculation No.
0100N-CA-V0078, Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

116-N-1 Trench Landbridge RESRAD Calculation, Calculation No. 0100N-CA-V0079,
Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

NOTE: The calculation briefs referenced in this appendix are kept in the active
Environmental Restoration Contractor project files and are available upon request.
When the project is completed, the files will be stored in a U.S. Department of Energy,
Richland Operations Office repository. Only excerpts of the calculation briefs are
included in this appendix.
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CALCULATION COVER SHEET

Project Title:
Area
Discipline
Subject
Computer Program

l0O-NR-l TSD Site Remedial Action Project Job No.
100-N
Environmental -Cale.No. OlOON-CA-V0087
116-N-I Combined Crib and Trench Cleanup Verification 95% UCL Calculation
Excel Program No. Excel 2003

The attached calculations have been generated to document compliance with established cleanup levels. These documents should be used in
cornntioin with other relevant dcensithadnslivrcod.

Committed Calculation X Preliminary 0 Superseded Voided 0

Rev. Sheet Numbers Originator Checker Reviewer Approval Date

Cover =1
0 Sheets = 9 Approved Approved Approved Approved

2/27/2006 2/27/2006 2/27/2006 2/27f2(6 227/2006

Total = 10 W. S. Thompson M Capron TM. Blakley S.E. Parnell

Cover= M
I Sheets=9 /27/o

Total = 10 S. Thompson J.M. Capron TM. Blakley SE. Parnell

SUMMARY OF REVISIONS
Cover page replaced for convenience.
Page 2: Removed **" notation in line 17 for hexavalent chromium

I Page 3: Added footnotes b and c to address Ecology comments. Changed "NA" to "NO" for 3-Part test entries for nitrate.
Edited text for 3 part compliance for nitrate and menrcury to incorporate Ecology comments.

Page 5: Added footnotes b and c to address Ecology comments.
Page 6: Corrected data entered in lines 24 through 43 for chromium in the deep zone. Corrected entries for statistical

parameters in lines 27 through 32.

* Obtain calc no. from DIS

DE01437.03 (12/0912004)
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Washf rinf CatM. Hasforu CALCULATION SHEET

OriginatorS. mnDat 0227/06 Cake No. 0100N-CA-V0087 Rev. No. 0
Project 1 N T Itmd P Job No, 14155 Checked J.M Cprn & DatwI22 !db

Subject lI--I Combined Crib and Trenh Ceanp Verification 95% UCL CaIcuatn ShNeto.

1 Purpose:
2 CalcusatheM 95% upperconlidene limit (UCL) t evaluate compliance with cleanup standards for the subject site. Also, calculatehecsrcanogenicrisk for pptcable
3 ronradiontudide analyles, perform tie Wassirigtl Adankshfrlv. Code (WAC) 173-340 (Model Taxics Contol Act [MTCA) 3-part teat If required, and calculate the reltIve percent
4 diffaeance (APM) for each contaminant of concer (COC).
5
6 Table of Contents:
7 Steels 1 to 2 - Calculation Sheets Summary
0 Sheet 3 -Calculation Sheet Shallow Zone Veitficatou,
SSheet 41V5- Calculatlen Sheets Deep Zone Vaurfication

10 Sheet 6 -Ecology Software (MTCAStat) Results
12 Sheet 7 - Calculation Sheet Split-Duplicate Analysis
13 Sheet8so9 - Calculation Sheets WDOE Splits
14
15 GisrAae a
18 1) Sample Results.
172) All lookup values and remedial action goals (RAGs) are taken from DOE-al (2001b). Ecology (199) and DOE-RL(2001a).
18 3) DOE-RL,2001a.HarordSAe& sokgrount Part SOBackgrovndforNonvadoacfeAne/y/as,DOERL-92,24, Rev.4. U.S. DepartmrentoEnergy, Ricaund Operasions
19 Office, Richland, Washington.
204) DOE-RL, 2001 b. Reresdal Design Rpot/Remedial Action, Werk Plan (RDRR4WP)fl he 100 A-ea Treatment, Storage, and Disposa/ UfIs, DOE/RL-2000-18. Rev. 2,21 U., Department of Energy, Richland Operatons Office. Richland, Washington.

5) DOE-Rl, 2002(SanpigandkilsiaPtan(SAP) cros I100-NR-17reamren, Sorage,adDisposalUniturfigRemedaonandCloseout, DOE/RL-2000-07, Rev. 1.23 U.S. Department of Energy, Rinhland Operations Office, Richland. Washington,
24 8

6) Ecology, 1992. Str/sf/ce/Gadance tEooogy S/la Managers, Pntllcatlon #92-54, WashIngton Slate Depautment at Ecology Oympla, Waahirgton.
28 7) Ecology. 1993,Slts foalGa/datear Eco/ogyS/feManagersS&pp/wmentS-BAnalytrtg SorBaokgroondData nir Befow-Detect/onmLarEelow-PQL
27 Values (Censored Data Sers), Publication #92-54, Washington State Departinant ot Ecology, Olympia. Washington.
28 8) Ecology. 1990. Model ToxIes Cont-cl Act Cleanp Levels ard Risk Calculatione (CLARC 11), Pulblicfonl #94-145 Washingon State DeparM ent ot Ecology., Olypia,
29 Weshtington.
W 9) EPA, 1994, USEPA Conract Laboralory Prograrn Natoal Functional Guidemea for Inorganic Data Review, EPA 540/R-94V13. U.S. Environmental Protection Agency,
31 Washington, D.C.
32 10) WAC 173-340 199M, "Mode1 Toxcs Contoi Act-eanu,' WashIngiorn Ad-n/isfralve Code.
33
4 SolutIon:

S, Calculatorn methodology Is descited In Ecology Pub. A92-54 (Ecology 1992,1993), below, and in te RDRIRAWP (DOE-RL 200I). Use data fromnhe atached worksheets to
36 calculate te 95% UCL for each snalyte, hazard quotients, excess carcinogenIc risk, perorm the WAC 173-340 3-pert teat for nonradlonuddee, and calculate te RPD or each COC
37 ia the primary-duplicale and primary-spit sample pairs.
36
39 Calculation Dacription:40 

The subject calculations ware performed on deta from sol vericllor sarmple tron waste site 116--1 Trench and Crib. The data were entered into an EXCEL 2003 epreadsheet41 an l performed by using Me bulin spreadsheet icons and/or creating forrredae within the cells. The statistical ovatation of data for use In accordance with tie42 RDR'RAWP (DOE-R 2001) ls documented by tit calculation. Splt and dWikee RPO resulis are used in evaluatIon of data quality and are presented is ti leanupverflcation
43package (CVP) for tis ste.
4540 Methodology

47 For nonradtoactve analytes with <50% of ie data below detection lmits and as radlonuclide analyes, the statistical value calculated to evaluate the effectiveness of cleanup is lfe
4, 95% UCL. For nonradloudve analytem with >50% of the da below delecton Imis. tie maximum value for tie data set Is used instead ati 95% UCL As nonradionudida data
4 reported as being below detectIon limits am, set t % tie delection hlnit value for calculation of the stallabos (Ecology I993). For radionuclide das, calculation of tie statistc was
So done on the reported value. In cases whern the laboratory does not report a value below te minnmal detectable activity (MDA), hat o tihe MDA is used in tie calculation. For the
51 statiliaca evaluation of primary-duplicate sample pairs, tie sarmiplis a averaged before being induded in tie data set aflter adjusbents for censored data as described aboye.
52
53 For nanradlonucildes. the WAC 173-340 Itetisllcal guidance suggests that a test for distributional iorm be performed on te data and the 95% UC calculated on the appropriate
54 dlsrabution using Ecology software. For nonradionualde small data sets (in < 10) and all radlanuclde data sets, the calcultons are perormed assuming nonparamehic dotribution,

so no lest tar disrltbutinris lperormed, For nanradlonucide data sets of lan orgreater, disribuonal ttsing is done using Ecolgy's MTCAStat software (Ecology 1993).56
The estimated hazard quotent (for shallow zone nuriadlonuide COCa) Is determined by dMding the statistical value (derred in this calculaton) by Me WAC 173-340 non.

59carcinogenIc cleanup limIt. The excess onradionclitle carcinogenic risk is determined by divIding the stalaticel value by the WAC 173-340 carcnogenic cleanup ilnt and then
So multiplying by 104. For dai sets where all values are below detection, neither of these calculations are required.

82 The WAC 173-340-740(7)(A) 3-part test Is performed for nonradlonudide analytee only and determines If:
83 1) tie 95% UCL value exceeds tie moat stringent cleanup limit for each nonradlonuclide COC,
64 2) greater than 10% of the raw dais enxceed ae mast stringent cleanup limit for each nocradlanuclde COC,
65 3) tie maximum value of the raw date set axceetd two limes tie most stringent cleanup init for each nonradionuclide COC.
66
67 The AP is calculated when both tie priansry value and either the dupiale or spli values are above detection limits and are greater tan 5 times the target detection limit (TDL).68 The TDL is a laboralery detection limit pre-delermined for each anaytcal method, listed In Table 11-1 of the SAP (DOE-RL 2002). The RPD calculations use tie following formula:69 APO =[ M-SVUM.S)/2)-l0
70
71
72 where, M = Main Sample Value S = Spilt (or duplicate) Sampe Value
73
74 For quality assurance/quality control (QA/GC) spit and duplicate RPD calculatiocs, a value lass than +/- 30% indicates the data compare favorably. For regulatory spis, a threshold
75 of 35% Is used (EPA 1994). If te RPID is greater than 30% (or 35% for regulatory spit das), further investigation regarding the usbillty of the data Is performed. Additional
76 discussion as necessary is provded In the dais quality assessment seciort of the applicable CVP.
77
78 I0 regulator spit comparison is required, an additional parameter Is evaluated. A controt limit of ./- 2 times the TML shal be used If either the main or regulator split value is less than
79 5 times the TDL and above delaction. In tie case where only one result is greater tan 5 times tfe TO and the other Is below, the +.-2 times tfe TDL criteria apples. Therefore,
80 ie following calculation Is performed as part of tMe evaluation for these two cases InvoMng regulator split data: diierence . main - regulator spIt, If the difference Is greater than +/-

2 times the T0L, then turtier irweatigation regarding the usability of the date is performed and presented in tie applicable CVP data quality assessment seation,
83
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CALCULATION COVER SHEET

Project Title 100-NR-I TSD Site Job No. 14655

Area 100-N Area
Discipline Environmental *Calc. No. IOON-CA-VO088

Subject 116-N-1 Combined Crib and Trench Cleanup Verification RESRAD Calculation

Computer Program RESRAD Program No. Version 6.30

The attached caiculatsons have been generated to docment copliance di h established cleanup levels.
These documents should be used in conjunction with other relevant docunrnts in dhe administrative record.

Committed Calculation s Preliminary o Superseded 13

DE01-437.03 (120W2004)

C-89

Voided o

Rev. Shet Numben Oriinater Cheeker Reviewer ArMWS Date

0 Gover - I PS

AiiI - 5 PS S. W. Clark M. W. Perrott T. M. Blakley S. E. Parnell
Ana.2 - 25 P9 Approved Approved Approved Approved Approved
AW,3 3- Spg
Ath&4 -i 2 212712006 2/27/2006 2/27/2006 2/27/2006 2127/2006
AnM.5 - 21
AM.6 - 44pg
Ana.7 - 21pg
TMl - 1t pg

No Change S. W. Clark M. W. PenOtt T M Blakle S. E. Parnell

1 17/ 0; .

SUMMARY OF REVISION

It was necessary to revise this calculation brief in response to comments from Washington Department of Ecology
to (1) Correct a typographical error in the cobalt-60 soil activity in Table 3 on page 3 (the correct activity is 310

pCi/g that was used in the calculations) and (2) Add to the Conclusions on page 4 the fact that in addition to

cobalt-60 the major contributors to radionuclide dose include cesium- 137 in the direct exposure pathway and
strontium-90 in the plant ingestion pathway. Changes =n indicated by change bars in the right margin of the

affected pages.

Obtain Caic. No. from DIS

I = LdW caiculations haw bm generated to docurnent conlPlianct with established clearrup levels.
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wash#ionfiELourgEgf o. CALCULAION SHEET
S. W. Cit I Doe: ' C No.: I10ON-CA-VO Rev.: 
PmIMct 10-NltTSDSite Job No ' I Chko : X. W. Pun / Dat r 44

Subject I 16-N-1 Combined Crib and Trench Ckanp Verification REStAD Calculation Sheet No. I of S

1 PURPOSE:
2
3 Calculate the predicted soil and groundwater concentrations, dose, and risk contributions from
4 radionuclide contaminants in shallow zone and deep zone soil for the combined crib and trench
5 at the 116-N-1 remediation site.
6
7 GIVENIREFERENCES:
8
9 1) Cleanup verification data frotm 116-N-1 Combined Crib and Trench Cleanup Verifcation

10 95% UCL Calculation, Calculation No. 0100N-CA-V0087, Rev. 0, Bechtel Hanford, Inc..
11 Richland, Washington.
12 2) Remedial Design Repon/Remedial Action Work Plan for the 100-NR-1 Treatment, Storage,
13 and Disposal Units (RDR/RAWP), DOE/RL-2000-16, Rev. 1, U.S. Department of Energy,
14 Richland Operations Office, Richland, WA.
15 3) Radioactive and nonradioactive contaminants of concern from the 100-NR-1 Treatmez,
16 Storage, and Disposal Units During Remediion and Closeout Sampling and Analysis Plan
17 (100-NR-1 SAP), DOE/RL-2000-07, Rev. 1, U.S. Department of Energy, Richland
18 Operations Office, Richland, Washington. For the purpose of these RESRAD calculations,
19 the radioactive contaminants of concern (COCs) are americium-241, cesium- 137, cobalt-60,
20 europium-154, europium-155, tritium, nickel-63, plutonium-239/240, and strontium-90.
21 The nonradionuclide contaminants of concern are nitrate, total chromium, hexavalent
22 chromium, nitrate, and mercury. Concentrations of all nonradionuclide contaminants are
23 below the remedial action goals per the RDR/RAWP and they are not considered further.
24 4) RESidual RADioactivity (RESRAD) computer code, version 6.30, to calculate compliance
25 with residual radioactivity guidelines, developed for the U.S. Department of Energy by the
26 Environmental Assessment Division of Argonne National Laboratory, Argonne, Illinois.
27 5) 116-N-1 RESRAD Evaluation of Groundwater Protection, Calc. No. 100N-CA-V0066,
28 January, 2003, Bechtel Hanford, Inc., Richland, Washington.
29 6) Relative individual Pu-239 and Pu-240 activities were calculated from the reported
30 Pu-239/240 results per Ratios of Plutonium Isotopes at 100 Areas Remedial Action Sites,
31 Calculation No. OI00B-CA-V0013, Bechtel Hanford, Inc., Richland, Washington.
32
33
34 SOLUTION:
35
36 1) RESRAD runs were performed for the residual contamination in shallow zone and deep
37 zone for the combined crib and trench at the 116-N-1 site. Table 1 shows the elevations
38 (NGVD88) and dimensions of the relevant soil horizons. The ground surface elevation for
39 excavation backfill is 140.0 m. The average groundwater elevation beneath the site is
40 117.5 m. The average elevation of the excavation floor is 133.5 m. Attachment I shows
41 the dimensions of each soil horizon and the contaminant pathways considered for dose,
42 risk, and groundwater protection. Input factors for the RESRAD rmn ae shown in the
43 "Summary" section of the RESRAD "Part I: Mixture Sums and Single Radionuclide
44 Guidelines" printouts in the Attachments to this Calculation Summary.
45

C-90



CVP-2006-00004
Rev. 0
For Approval

41CACULAjION SHEET
.ori :.W.ark Ck I DaWe: " t C No: 10ON-CA-V008 Rev.: - -

Pro 100-NR-1 S Site Job No: 1 14055 1 Checked: I M. W. P t, Date:
subj:: 116-N-I Combined Crib and Trench Clanup Verification RESRAD Calculation sheer No. 2 o 5

1 2) The year where the peak dose (or concentration) occurs in the groundwater from each
2 individual COC was examined by a preliminary RESRAD modeling run. This year was
3 then added for all horizons for the final RESRAD runs. For the groundwater (well water)
4 the peA year was year 146 for tritium (H-3). The 146-year time period was included in all
5 of the RESRAD nna. Year 12 was also added, corresponding to 2018, the date of the 30-
6 year site cleanup schedule of the Hanford Federal Facility Agreement and Consent Order.
7

Table 1. Waste Site Dimensions for RESRAD Modeling
Parameter UnIts Shsl aZnel Deep Zo.e Comment

Contxas azonebone n_
CoverDepth m 0 4.6 1
Area of Contaminated Zone (CZ) &n2  36.011 36,011 Totae Waste Site Area

LengthPara eltoAquiferPlow mI 120 120 Based on Site Dimensions

Eevations of Vadose Zone H ions

Elevation: Surface in 140.0 140.0 NA DI8

levatio: Bottom of Excavation in 133.5 133.5 NAVD88
Elevation Groundwater 117.5 117.5 NAVD8
Thicknest ContaminatedZone in 4.6 10.1

Thickness: Unsaturated Zone Mi 17.9 7.8 Calc. No. IOON-CA-V0066
8
9

10 METHODOLOGY:
11
12 1) Pu-239/240 Conversion: The relative individual Pu-239 and Pu-240 activities were
13 calculated from the combined Pu-239/240 results reported. The calculations were
14 performed in accordance with calculation brief No. 0100B-CA-V0013. The relative
15 activities for Pu-239 and Pu-240 were calculated by multiplying the cleanup verification
16 value for Pu-239/240 by 0.807 and 0.193, respectively. Table 2 shows the results from this
17 calculation.
18

Table 2. Conversion of Pu-239/240 to Relative Pu-239 and Pn-240 Activities
Sourceof Pc-239l40i Adity Pn-239, (pCIg) Pa-240, (pC'g)

Rdo e Dat (palg) (U smitiplier) (0.1i93 atipller)
Shallow Zone 0.026 U 0.021 U 0.005 U

Deep Zone 41 33 8.0
19
20 2) Runs of RESRAD Version 6.30 were completed for the shallow and deep zones using the
21 radionuclide concentrations shown in Table 3. RESRAD numerical output reports for
22 dose, risk, and concentration for the shallow and deep zones are presented in the
23 Attachments to this Calculation Summary.
24
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Wahnce Coer. Mgn r CALCULIIATTAN SHEET

Subiect I16-N-I Combined Crib and Trench Clean Verification RESRAD Calculation I Sheet No. 3 of 5

IDue: |:r9/cd C .No.: IION-CA-VOCIN
I saNo l' 14e51 Cecked s Pnt )9

'I

1
2
3 RESULTS:
4
5 1) Radionuclde "All Pathways" Dose Rate: The "all pathways" (maximum) dose rates am
6 shown in Table 4. The maximum dose rate of 3.35 mrem/yr from the combined shallow
7 zone and deep zone occurs at year zero (2006).
8

Table 4. AU Pathways Dose Rate (nrnmlyr)
Vadose Zone "All Pahwaysr Dose Coaibutions in nnayr at Each Time Slice (yr)

Horizon 0 1 3 7 12 30 | 100 1 146 300 000
ShallowZoos 3.354+00 3.16;+00 2±85E+0 2.3E+00 1.97E+*0 1.24E+0 4.03-01 2.65801 1.61-01 5.09F2-

DeQPZaue 9.12B-21 8.09-211 637E-21 3.942-21 2.178-2112.522212.04E-25 7.67-o 7051 9 2.456-27
T 3. 135E+00 3.16E001 2.85E+M 2.38E+00 1.97E+001.24E+014.03E-01 2.6660111.615-01 5.09502

2) Radionuclde Excess Cancer Risk: The radionuclide excess cancer risk results ae shown
on Table 5. The maximum risk (3.66 x 10') occurs at year zero (2006).

Table S. Radionuclide Excess Cancer Risk
Vadose Zone Excess Cancer Risk at Each Time Slice (yr)

Horizon 0 1 1 1 3 7 12 1 30 1 100 1 146 1300 1000
ShuliowZo=e 366205 3.512-O 3.24205 2.80205 2A-05 1.50805 1320206 1.36E-06 3.74E-07 1.12607

DeepZone 6.022-26 5.342-26 4.20E-26 2,608-26 1.43&26 1.652-27 2.60&30 1.97FA09 1.72&13 1.53Pf27
Total 3.66-05 3.512-5 3.24E-05 2.806-05 2.40-05 1.50-05 3.20-06 1.36-06 3.74-071 1.12E-07

C-92
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Table I 116-N-1 Shallow and Deep Zone Radionuclide Soil Concentrations
Soc Shallow Ze Radlanelde Deep Zene RadIlnudide

Soil Activity, pCWR Soll Activity, pCIIu
Am-241 0.55 35
Co-60 0.121 310
Cs-tf7 0.36 5,100
Eu-154 0.071 U' 7.3
En-155 0.069 U 1.9

H-3 (tritium) NA 16
NiN : 0.97 U' 170
iP7-39 O.il U8 33
Pu-240 0.005 U' a
St-90 0.19 931

9
10
11
12
13

14
15

rk.
I oniginar sI .Cu &II Poieet:1 101.RIsD ie
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Wash on Closur Hanford. CALCULATON SHEET
usQntor S. W. Clark 20|1W, : | Csc. N.: l0N-CA-V0Wf Rev

Proiect I10-Nt-I SD Ste IobN: 4 Chfed: l f W.P1IIu W- O'ZO Date: 

Subjwct 11l6-N-1 Cmbined Crib andTrencb Cleanup Verification RESR AD CAkulation 1 he o.4o

3) Radionuclide Groundwater Protection: The radionuclide concentrations in groundwater
due to shallow zone and deep zone soil concentrations wete calculated by the RESRAD
model and summarized in Table 6. Only tritium (H-3) of the radionuclide contaminants of
concern were calculated to reach groundwater in the 1,000 years of the RESRAD modeling
runs at concentrations much below the drinking water remedial action goal (RAG) of
20,000. Therefore there is no need to do a comparison to drinking water standards (MCL)
calculation brief for the 116-N-I Combined Crib and Trench.

Table 6. RESRAD Calculated Groundwater (Well Water) Concentrations.

Radio- Groundwater Coneeeras in pM Lat EachT ime SlIe (yr) RAG

nudlde 0 1 3 7 12 30 100 146 300 1 'M CM

Am-241 0 0 0 0 0 0 0 0 0 0 12
CD60 0 0 0 0 0 0 0 0 0 0 100

C.-137 0 0 0 0 0 0 0 0 0 0 60

E-154 0 0 0 0 0 0 0 0 0 0 60
E.155 0 0 0 0 0 0 0 0 0 0 600

H-3 0 0 0 0 0 0 0 | 52E+00 IS25E-04 4709-23 20,wi

NI-63 0 0 0 0 0 0 0 0 0 50
Pu-239 0 0 0 0 0 0 0a 0 0 0 1.6
v-24o 0 0 0 0 0 0 0 0 0 0 12
Sr-90 0 0 0 0 0 0 0 0 0 a

CONCLUSIONS:

* The "all pathways" (maximum) dose rates are shown in Table 4. The combined maximum
all-pathways dose rate for the shallow and deep zones is 3.35 mrem/yr which occurs at year
zero (2006).

* The dominant pathway for the dose rate is direct external exposure.

e The primary radionuclides contributing to the dose rate are cobalt-60 and cesium-137 in the
direct exposure pathway and strontium-90 in the plant ingestion pathway.

* None of the site COCs are projected to exceed remedial action goals (RAGs).

* The radionuclide excess lifetime cancer risk results are shown in Table 5. The maximum
combined shallow and deep zone excess lifetime cancer risk (3.66 x 10r) occurs at year
zero (2006).

* Only tritium (H-3) of the radionuclide contaminants of concern is predicted to reach
groundwater in the 1,000 years of the RESRAD model run at concentrations much below
the RAG. Therefore there is no need to do a comparison to drinking water standards
(MCL) calculation brief for the 116-N-I Combined Crib and Trench.

C-93
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CALCULATION SHEET
ofigiam: S. W. Clark t.: Culo.No.: ImN-CA-VOMsS Rev.:

Pmjaw 100-NR-1 TSD Site Job No: '1405 C hcke: M. W. Paez /4 Da: S7/ a4
Subject 116-N-1 Combined Crb mnd Trnch Clean Veification RESRAD Calculation Sbeet No. 5 of 5

2
3 AT'ACHMENTS:
4
5 1. Graphic showing 116-N-1 Vadose Zone Model (1 page)
6 2. RESRAD Output: 116-N-1 Evaluation of Shallow Zone for Combined Crib and Trench;
7 Pant I Mixture Sums and Single Radionuclide Guidelines (25 pages)
8 3. RESRAD Output: 116-N-i Evaluation of Shallow Zone for Combined Crib and Trench;
9 Part Im: Intake Quantities and Health Risk Factors (44 pages)

10 4. RESRAD Output: 116-N-1 Evaluation of Shallow Zone for Combined Crib and Trench;
II Part IV: Concentration of Radionuclides (21 pages)
12 5. RESRAD Output: 116-N-I Evaluation of Deep Zone for Combined Crib and Trench;
13 Part I: Mixture Sums and Single Radionuclide Guidelines (28 pages)
14 6. RESRAD Output: 116-N-1 Evaluation of Deep Zone for Combined Crib and Trench;
15 Part m: Intake Quantities and Health Risk Factors (44 pages)
16 7. RESRAD Output: 116-N-1 Evaluation of Deep Zone for Combined Crib and Trench;
17 Part IV: Concentration of Radionuclides (21 pages)
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CALCULATION COVER SHEET

Project Title l00-NR-I TSD Sites Remediation Job No. 14655

Area 100-N

Discipline Environmental *CaIc. No. OIOON-CA-VO085

Subject Shallow and Deep Zone Sample Design for the 116-N-1 Trench and Crib

Computer Program Visual Sample Plan Program No. Version 4.a

The attched cakuaian have beet gcneckd w deeumnrt compliance with cstabfislwd clannp klels. Iese d cttnns should be ued in
cotijuneti. wib odher relesaut doewments in the admnit6WAv, recotd.

Committed Calculation | Preliminary I Superseded F Voided F
Res. Sheet Nvmm Originaor Cck Reviewer App Dte

W S Thmposw R. B Kckow T D. Pancher
Atahmwnts = 2

TMnr 6 11q l/4/< Ncloc

SUMMARY OF REVISION
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Dr51437 03 tI2/021X2)
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CALCULATION SHEET
2

Originator w. s.Thony f Date i w9o5 Calc. No. oI00N-CA-V00s Rev. No. 0

Project IIXINR-I TSM Renediaon Job No. 14655 Checked R. H Kerkow Date n/./ot

Subject Shallow and Deep Zone Smple Design for the I 16-N-I Trench and Crib Sheet No. Page I of 3
3
4 PURPOSE:
5
6 Provide documentation to support the calculation of coordinates of locations of cleanup verification
7 samples for the shallow and deep zone of the 116-N-I Crib and Trench per the requirements of the
8 Sampling and Analysis Plan jor the 100-NR. Treatment, Storage, and Disposal Units During
9 Remediation and Closeout (DOERL 2000).

10
II GIVEN/REFERENCES:
12
13 1 ) DOE-RL, 2000, Sampling and Analysis Plan for the 100-NR-1 Treatment, Storage, and
14 Disposal Units During Remeduation and Closeout, DOE/RL-2000-07, Rev. 1,
15 U.S. Department of Energy, Richland Operations Office, Richland, Washington.
16
17 2) Gilbert, R. 0., J. E. Wilson, R. F. O'Brien, D. K. Carlson, D. J. Bates, B. A. Pulsipher, C. A.
18 MeKinstry, 2002, Version 2.0 Visual Sample Plan (VSP)- Models and Code Verification,
19 PNNL-3991, Pacific Northwest National Laboratory, Richland, Washington.
20
21 3) Visual Sampling Plan, a site map-based user-interface computer software program that may
22 be downloaded at htip://etd.pnl.gov:2080/DQO/software/vsp/vspbeta.html.
23
24 REQUIREMENTS:
25
26 Sections 3.2.2.5, 3.2.2.6, 3.2.2.7, and 3.2.2.8 of the DOE-RL (2000), Rev. 1. require the following:
27
28 * 10 samples to be collected from each of the shallow and deep zones of the 116-N-1 Trench
29 * 10 samples to be collected from each of the shallow and deep zones of the 116-N-1 Crib
30 * A simple random sampling design.
31
32 CALCULATIONS:
33
34 Coordinates of verification sampling locations were calculated using Visual Sampling Plan (VSP)
35 computer software. Verification samples were placed in the sample areas by using the regular
36 simple random sampling algorithm (Gilbert et al. 2002) that is consistent with the procedure
37 outlined in Section A.1 of Appendix A of DOE-RL (2000). Using this method, each sample is
38 placed according to the following algorithm without regard to existing samples:
39
40 1. The sample point coordinates are calculated using the following equations:
41 X=Xmn +(XmXni)*RND (Eq.1)
42 Y=Yw +(YmfJ)Ylidf)*RND (Eq.2)
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CALCULATION SHEET
2

Originator wsmnompson~f Date ;mmos Calc.No. O00DN-CA-v0085 Rev.No. 0

Project 10-NR-1 TSD Renediation Job No. 14655 Checked R. B. KerkowtB1 Date AlqoC

Subject Shanow and Deep Zone Sampl Design for the 116-N-I Tiench and Crib Sheet No. Page 2o o3

Where RND is the next unused random number between 0 and t in a sequence of random numbers
that VSP generates using a pseudo-random number generator (Gilbert et al. 2002).

The sample location (X,Y) is checked in VSP to ensure it lies inside the sample area. If it does, a

new sample point is added at the location. If not, another random location is tried.

The VSP continues to generate the next random coordinate (X,Y).

RESULTS:

The following tables provide the 10 shallow zone sample locations for the crib and the trench that

fell within the sample area shown on Attachment A.

Shallow Zone Crib Sample Locations
Sample Washington State Plane Coordinates
Number Easting Northing

SZC-OI 571455 149758
SZC-02 571444 149740
SZC-03 571426 149676
SZC-04 571439 149669
SZC-05 571464 149660
SZC-06 571481 149651
SZC-07 571509 149652
SZC-08 571519 149666
SZC-09 571500 149690
SZC-10 571516 149708

Shallow Zone Trench Sample Locations
Sample Washington State Plane Coordinates
Number Eatin Northing
SZT-Ol 571711 150070
SZT-02 571615 149954
SZT-03 571559 149947
SZT-04 571539 149841
ST-05 571548 149746
SZT-06 571568 149786
SZT-07 571597 149874
SZT-08 571658 149891
SZT-9 : 571681 149919
SZr-to 571740 1 149995
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CALCULATION SHEET

Originator W S. Thompson AS. Date 1/0905

Project 100-NR-l TSD Rernediation Job No. 14655

CaIc. No. 0IO0N-CA-v0085 Rev. No.

Checked R. B. Kerkow 9 Date it

Subject Shallow and Deep ZAne Sample Design for the 116-N-1 Trench and Crib Sheet No. Page 3 of 3
3

The following tables provide the 10 deep zone sample locations for the crib and the trench that fell
within the sample area shown on Attachment B.

Deep Zone Crib Sample Locations
Sample Washington State Plane Coordinates
Number Eastig Northing
DZC-01 571508 149741
DZC-02 571487 149737
DZC-03 571458 149744
DZC-04 571470 149731
DZC-05 571478 149716
DZC-06 571507 149705
DZC-07 571454 149700
DW-09 571489 149671
DZC-09 571489 149656
DZC-10 571440 149681

Deep Zone Trench Sample Locations
Sample Washington State Plane Coordinates
Number Easting Northing

DZT-01 571723 150045
DZT-02 571723 150016
DZT-03 571692 150007
DZT-04 571651 149945
DYZT-05 571658 149936
DZT-06 571635 149923
DZT-07 571574 149896
DZT-08 571578 149848
DZT-09 571559 149819

5-10 -71531 149802
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CALCULATION COVER SHEET

Project Title:
Area
Discipline
Subject
Computer Program

lOO-NR-I TSD Sites Remedial Action Project Job No. 22192
lQDN
Environmental *Calc. No. OIDON-CA-V0076
I 16-N- I Overburden Cleanup Verification 95% UCL Calculation
Excel Program No. Excel 97

The attached calculations have been generated to document compliance with established cleanup levels.

These documents should be used in conjunction with other relevant documents in the administrative record.

Committed Calculation 5M Preliminary 0 Superseded 0

Rev. Sheet Numbers Originator Checker Reviewer Approval Date

Cover=1 s 4 --e .

0 Sheets=6 T. 8. Miley

Total = 7 W. J. Adam K. A. Anselm S. W. Callison S. E. Parnell

SUMMARY OF REVISIONS

Obtain calc no. from DIS Dec-02

DE01-437.03
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CALCULATION COVER SHEET

Project Title
Area
Discipline
Subject
Computer Pr

100-NR-1 TSD Sites Remedial Action Project _Job No. 22192
100-N Area
Environmental *Calc. No. IOON-CA-V0077
116-N-1 Evaluation of Overburden for Backfill

ogam RESRAD Program No. Version 6.21

The attached calculations have been generated to document compliance with established cleanup levels.
These documents should be used in conjunction with other relevant documents in the administrative record.

Committed Calculation Z Preliminary o Superseded o

*Obtain Calc. No. from DIS

DE01-437.03

C-111

Rev. SheetNumbers Originator Checker Revlewer Approval Date

0 Car - 4pg

Atn.~I - I S. W. Clark W. J. Adam S. W. Callison J. D. Fancher

Atm.4 - 27pg
Total - 91pR! 70) -/1q

S. E. Parnell
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- -- Bechtel Hanford, Inc. CALCULATION SHEET
Originator: . W. Clark X ... Date: '7 I Caic. No.: I 10ON-CA-V0077 Rev.: 0

Project 100-NR-1 Remedial Action Jo No: 22192 T Checked: I W.J.Adam W&,( Date: ts 1-?/o
Subject: 116-N-1 RESRAD Evaluation of Overburden for Backlill Sheet No. I of 4

1 PURPOSE:
2
3 Calculate the soil and groundwater concentrations, dose, and risk contributions from
4 radionuclide contaminants in stockpiled overburden soil at the 116-N-I remediation site.
5
6 GIVEN/REFERENCES:
7
8 1 ) Cleanup verification data from 116-N-1 Overburden Cleanup Verification 95% UCL
9 Calculation, Calculation No. O0ON-CA-V0077, Rev. 0, Bechtel Hanford, Inc., Richland,

10 Washington.
11 2) Remedial Design Report/Remedial Action Work Planfor the I 00-NR-I Treatment, Storage,
12 and Disposal Units (RDRIRAWP), DOE/RL-2000-16, Rev. 1, U.S. Department of Energy,
13 Richland Operations Office, Richland, WA.
14 3) Radioactive and nonradioactive contaminants of concern from the 100-NR-1 Treatment,
15 Storage, and Disposal Units During Remediation and Closeout Sampling and Analysis Plan
16 (100-NR-1 SAP), DOE/RL-2000-07, Rev. 1, U.S. Department of Energy, Richland
17 Operations Office, Richland, Washington. For the purpose of these RESRAD calculations,
18 the radioactive contaminants of concern (COCs) are americiun-241, cesium-137, cobalt-60,
19 europium-154, europium-I55, tritium, nickel-63, plutonium-239/240, and strontium-90.
20 The nonradionuclide contaminants of concern are nitrate, total chromium, hexavalent
21 chromium, and mercury. Concentrations of all nonradionuclide contaminants are below the
22 remedial action goals per the RDR/RAWP and they are not considered further.
23 4) RESidual RADioactivity (RESRAD) computer code, version 6.21, to calculate compliance
24 with residual radioactivity guidelines, developed for the U.S. Department of Energy by the
25 Environmental Assessment Division of Argonne National Laboratory, Argonne, Illinois.
26 5) 116-N-I RESRAD Evaluation of Groundwater Protection, Calc. No. 100N-CA-V0066,
27 January, 2003, Bechtel Hanford, Inc., Richland, Washington.
28 6) Hanford Federal Facility Agreement and Consent Order, 1998, 2 vols. as amended,
29 Washington State Department of Ecology, U.S. Environmental Protection Agency, and
30 U.S. Department of Energy, Olympia, Washington.
31
32 SOLUTION:
33
34 1) A single RESRAD run was performed for the overburden to be used for backfill in the
35 116-N-I Trench. Table I shows the elevations (NGVD88) and dimensions of the relevant
36 soil horizons. The ground surface elevation for excavation backfill is 140.0 m. The
37 average groundwater elevation beneath the site is 117.5 m. The average elevation of the
38 excavation floor is 135.4 m. Attachment I shows the dimensions of each soil horizon and
39 the contaminant pathways considered ftr dose, risk, and groundwater protection. Input
40 factors for the RESRAD run are shown in the "Summary" section of the RESRAD "Part 1:
41 Mixture Sums and Single Radionuclide Guidelines" printouts in the Attachments to this
42 Calculation Summary.
43
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Bechtel Hanford, Inc. CALCUL4TION SHEET
originator: S. W. Clark Date: C. No.: OON-CA-V0077 Rev.: 0

Project: 1I0-NR-1 Remedial Action JobNo: I 192 Checked: W.Adam Due: IS1 OT
Subjcc: 116-N-1 RESRAD Evaluation of Overburden for Backfill Sheet No. 2 of 4

1 2) The year where the peak dose (or concentration) occurs in the groundwater from each

2 individual COC was examined by a preliminary ran assuming there was no vadose zone

3 between the overburden and the saturated zone. This year was then added for all horizons

4 for the final RESRAD runs. For the groundwater (well water) the peak years were year 7.6

5 for cobalt-60, year 42 for cesium-137 and strontium-90, and year 137 for nickel-63. The

6 7.6,42, and 137-year time periods were included in all of the RESRAD runs. Year 14 was

7 also added, corresponding to 2018, the date of the 30-year site cleanup schedule of the

8 Hanford Federal Facility Agreement and Consent Order.

9
Table 1. Waste Site Dimensions for RESRAD Modeling

Parameter Units I Value I Comments

CoverDeth m 0
Area of Contaminated Zone (CZ) n'r 12,400

Length Parallel to Aquifer Flow

Based on Site Dimensions m | 120 1
Elevations ofVadose Zone Horizons

'E vaion Surface in 140.0 NAVD88
pElevation: Bottom of Excavation in 1 .T: WNAVD 8
Elevation: Groundwater m 117.5 NAVDSS

Thickness: Contaminated Zone | 4 Thickness of shallow zone to be backfilled

IThickness: Unsaturated Zone l 17.9 
10
11
12 METHODOLOGY:
13
14 1) Pu-239/240 Conversion: The relative individual Pu-239 and Pu-240 activities were

15 calculated from the combined Pu-239/240 results reported. The calculations were

16 performed in accordance with calculation brief No. OI00B-CA-V0013. The relative

17 activities for Pu-239 and Pu-240 were calculated by multiplying the cleanup verification

18 value for Pu-239/240 by 0.807 and 0.193, respectively. Table 2 shows the results from this

19 calculation.
20

Table 2. Converion of Pu-2391240 to Relative Pu-239 and Pu-240 Activities

vadoseZone Pu-239/240Activity Pu-239, (pCi/g) Pu-240, (pCifg)
Horizon (pCi/g) (0.807 multiplier) (0.193 multiplier)

Overburden 2.7E-03 2.2E-03 SE-04
21
22 2) Runs of RESRAD Version 6.21 were completed for the overburden using the radionuclide

23 concentrations shown in Table 2. RESRAD numerical output reports for dose, risk, and

24 concentration for the overburden to be placed in the shallow zone are presented in the

25 Attachments to this Calculation Summary,
26
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Bechtel Hanford, Inc. CALCULATION SHEET
Originator: S. W. Clark I Date: ls-/7 Catc. No.: I IOON-CA-V0077 Rev.: 0

Project: I00-NR-1 Remedial ActionI Job No: I I 292 I Checked: I W. J. Adam K) Date: J '-17
subject: I16-N-1 RESRAD Evaluation of Overburden for Backfill Sheet No. 3 of 4

2 RESULTS:
3

1) Radionuclide "All Pathways" Dose Rate: The "all pathways" (maximum) dose rates are
shown in Table 3. The maximum dose rate of 8.17 mrem/yr from the overburden occurs at
year 0 (the present).

Table 3. All Pathways' Dose Rate (mrem/yr)
Vadose Zone "All Pathways" Dose Contributions in irem/yr at Each Time Slice (yr)

Horizon 1 3 7.6 1 14 1 42 1 100 1 137 1 300 1000
Overburden 18.17E+00 7.45E+0016.25E+00 4.37E+00 2.92E+00 1.11E+00 2.99E-01 1.38E-Cl 373E-02 4.93E-03

2) Radionuclide Excess Cancer Risk: The radionuclide excess cancer risk results are shown
on Table 4. The maximum risk (7.70 x 10-s) occurs at year 0 (the present).

Table 4. Radionuclide Excess Cancer Risk
Vadose Zone Excess Cancer Risk at Each Time Slice (yr)

Horizon 0 1 3 7.6 1 14 1 42 100 1 137 1 300 1 1000
Overburden 7.70E-05 7.22E-05 6.39E-0515.02E-05|3.85E-05 1.78E-05 4.78E-06 2.14E-06|1.39E-07 1.07E-08

3) Radionuclide Groundwater Protection: The radionuclide concentrations in groundwater
due to overburden soil concentrations were calculated by the RESRAD model and
summarized in Table 5. None of the radionuclide contaminants of concern were calculated
to reach groundwater in the 1,000 years of the RESRAD model.

C-114

Table 3. 116-N-1 Overburden Radionuclide Soil Concentrations
Radionuclide COCs Radionuclide Activity, pCi/g

Am-241 4.2E1-02
Co-60 5.5E-01
Cs-137 1.2E+00
Eu-154 2.2E-02
Eu-155 1.7E-03

H-3 (tritium) -1.1E-03"
Ni-63 2.87E+00
Pu-239 2.2E-03
Pu-240 5E-04
Sr-90 0 (<BG)-

Value was not irput into RESRAD beciuse the concentration is below Haiford site background,
b RESRAD does not accept negative values, When resuts are negative. neo is used as the input value.

I

4
5
6

9
10
11
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Bechtel Hanford, Inc. CALCU ION SHEET
igmnator: S. W.Clark ,t rDate: Ir-/AtL I Calc.No.: IOON-CA-V0077 IRev.: 0

Pr'tJec l00-NR-l Remedial Action Job No: 1 2092 1 Checked: W, J. Adam W Data: 1 0
Subject: 116-N-I RESRAD Evaluation of Overbuden for Backfill Sheet No. 4 of 4

Radio- Groundwater Concentration in pCi/L at Each Time Slice (yr) RAG

nuedide 0 1 3 76 I 16 421 100 137 1 300 1 1000 pCil

Aw-241 0 0 0 0 0 10 0 0 0 0 is

CaM 0 0 0 Q 0 I 0 1 - 100

00 0 0 0 0 0 is
c-A4M 0 0 0 0 0 0 0 0 0 0

sr_-9 1 0 0 1 0 1 0 0 0 0 0 0 0 U 1
Pu-29 I U 1 0 0i U IfT U 0 0 I1a

2
3 CONCLUSIONS:
4
5 o No overburden soil contaminant at 116-N-1 is predicted to reach groundwater with
6 irrigation.
7 o The results indicate that the maximum dose rate above background from overburden is

8 8.17 mrem/yr and would occur at present (year 2004). The maximum dose rate is primarily

9 due to direct gamma radiation exposure from cobalt-60.
10 * The dose rate decreases to 4.93 x 10-3 mrem/yr for the overburden in 1,000 years.

11 * The calculated total dose rate in 2018 from the overburden is 2.92 mrem/yr. The 2018 date

12 corresponds to the 30-year site cleanup schedule of the Hanford Federal Facility
13 Agreement and Consent Order.

14 * Total dose rates are never predicted to exceed the direct exposure RAG of 15 mrem/yr
15 above background.
16
17 ATTACHMENTS:
18
19 1. Graphic showing 116-N-I Overburden and Vadose Zone Model (1 page)
20 2. RESRAD Output: 116-N-1 Evaluation of Overburden for Backfill, Part I: Mixture Sums

21 and Single Radionuclide Guidelines (27 pages)
22 3. RESRAD Output: 116-N-1 Evaluation of Overburden for Backfill, Part III: Intake
23 Quantities and Health Risk Factors (44 pages)
24 4. RESRAD Output: 116-N-I Evaluation of Overburden for Backfill, Part IV: Concentration
25 of Radionuclides (21 pages)

C-115

Table 5. RESRAD Calculated Groundwater (Well Water) Concentrations.



116-N-1 Evaluation of Overburden for Backfill.
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CALCULATION COVER SHEET
Project Title 100 Area Remediation Job No. 22192
Area 100-N

Discipline Environmental Engineering *Calc. No. O100N-CA-V0070

Subject Cleanup Verification Sampling of Overburden from the 116-N-1 Trench

Computer Program Microsoft Excel Program No. Office 97 Version

Committed Calculation X Preliminary Superseded

BHI-DE-01. EDPI-4.37-01. DE01437.03
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Rev. Sheet Numbers Originator Checker Reviewer Approval Date
Cover= sheet
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acoh A = I sheet
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Bechte Hanfod, Inc. CALCULATION

Originator K.E. Cook kggt Date.gALOLO Calc. No. 0100N-CA-VO070 Rev. No. 0
Project 100 Area Remedlation Job No. 22192 Checked J.D. Ludowise # ate /2-.1 - P3

Subject Cleanup Verification Sampling of Overburden from the 116-N-1 Trench Sheet No. 1 af 5

1. purpose

Calculate the coordinates of cleanup vedficadon samples for th. cveburdeo stockpie asciated with the 116-N-1 Trench per he
requiresMet of the foring ard Anabysis Pta, to, the 100-NR-1 Treatment, Slorage, and Disposal Unft Dwng Romediaton
and Closeout (DO/FP. 2000).

2. Results Swmars

I Based on this Caljulation, ten sample locations are identified for the ShalloW Zone (See Atachmenfl).

121
131
14
1 5
16
17

Contents

Sheet No.
2 Cover Cover
3 1 Of 5 Calculation Sheet I Purpose, Results Summary, and Contents
4 2o 5 Calculation Sheet 2 Requirements. Given/Assumed Intormation, References, and Calculations
5 '305 Caloulatio Sheet3 Calculations (Coninued)
6 4015 Calculaton Sheet 4 Calculations (Continued), Figure 1.
7 5 of 5 Calculation Sheet 5 Calculalions (Continued)

0
1 Afeglarrelf

Numberof
Sheets Attachments TopictConents

I I Attachment A Sample Locations in Trench Space Coordinales
I I Attachment 8 Sample Locations In Washington State Plane Coordinates

I 1 Attachment C Map of Waste Site With Sample Locations

Tille ToplciContats

Calculation Sheet 1

C-118

2

A

6

9

M



CVP-2006-00004
Rev. 0
For Approval

Bechtel Hanford, Inc. CALCULATION SHEET

Originator K.E. Cook kgt5 - Date LzIA. Caic. No. 0100N-CA-V007O Rev. No.JO

Project 100 Area Remediation Job No. 22192 Checked J.D.Ludowise JAtDate) L - -& -

Subject Cleanup Verification Sampling of Overburden from the 116-N-1 Trench Sheet No.2 of 5

2 3. Requirements
3 Section 3.2.3.1 of the Sampling and Analysis Plan o, the 100-NR-I Tteatmant, Storage, and Disposal Units During
4 Remedlation and oseour (DOE-RL 2000) requires the WIowing:
5 * Use the number of sampling locations detemined from previous vatiance calculatons (use worst case resuls).
6 * Use randomly determined sample locatIons.
7
8 4. Given/Assumed Information
9 Previous variance calculations have determined that 10 samples are to be collected (0I00N.CA-V0049).

l0
1 The coordinates of the corners of a rectangle that encloses the overburden stock pile (design rectangle):

Washington State Plane
2 CoordInates (meters)
3 Easting Northing
4 SE 571,782.34 t49,764.14
6 NE 571.782.34 149.907.29

6 NW 571,624.78 149.907.29
7 SW 571,624.78 149,764.14

8

9 Field measurements should be accurate to within I meter.
0
I S.Reriei
12
3 Stewart J., 1991, Calculus, 2 ed., Brooks/Cole Publishing Co., Pacific Grove, Calforria.
4
5 DOE-RL. 2000, Sampling arnd Analysis Plan for the 100-NR-1 Treatment. Storage, and Disposal Units During
6 Remediation and Cboseout. DOEIRL-2000-07, Rev. 1. U.S. Department of Energy, Richland Operations Ofte,
7 Richland. Washington.
a
9 6. Calculations
0
I tCoordinates of sampling locations can be calculated by using the procedure outlined in Section A1 of
2 Appendix A of DOE-AL (2000);
13
4 1. Generate a set of coordinates (XY) using the following equations-
5 X . X. . (X.-X.J RND (Eq. 1)
45 Y=,Y, + (Y_-Y_.*RNO (Eq. 2)

8 where FIND is the raxd unused random number between 0 and I in a sequence of random mermbers (Attachment 0).

0 2. If (XY) is located outside the sample area, return to step I to generate another random coordinate;
I Otherwise go to step 3

Calculation Sheet 2
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Bechtel Hanfor, Inc. CALCULATION SHEET

Originator KE. Cook iNb-- DateJaj s.& Calc. No.0110ON-CA-V0070 Rev. No. 0

Project 100 Area Remedlation Job No. 22192 Checked J.D. Ludowlse # Date 12.1 /3

Subject Cleanup Verification Sampling of Overburden from the 116-N-1 Trench Sheet No.3 of 5

6. Calculations (Con inued)

3. DefIne (XYJ using the flowAIng steps:
a. RoXnd K 10 thu nearest It tat can be located easily in the field; set this lo X,
b. Round Y to the nearest unit that can be located eal In she rh t W this to Y,

4. Continue to generate the next random coordinate (X,, YI.

The sampling coordinates are calculated with respect to a stockpile coordinate system descrited a fouows:
* The origin of the stockpile coordinates is establshed as the north eastern most comer of the

design rectangle at Washington State Plane Coordsates E571782.34. N 149907.29
* The X-axit parallels the long w)it of the design rectangle
* The Y-aa4& paraols te short ses of fhe design rectangle

The design rectangle for the overburden stockpile associated with 116-1+1 is shown an Figure 1.

The stockpie space coordinates of the 4 comets Of the design rectangle are calculated from the Washington Stat. Plane
Coordinates using the Pythagorean Theorem. RFesuts are shows in Table 1.

Table I. Coordinates of design rectangle
Washngton State Plane Stock Pie Space,

Coordnates (mliers) Coordinates (meters)

S71,7.7 149,907. 0.00 000
571.624.7 149, 7.2 157.66 0.00

|71,624.78149.764.14 157.56 143.15

The minimum and maximum X values are:
0.00

157r56

The minimum and maximum Y values are.
0.00

143.15

X-

Ya
Y-

Calculation Sheet 3
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Bechtel Hanford, Inc. CALCULATION SHEET

Originator K.E. Cook K&Q- DateJ2 4Z_ .'< Calc. No.01OON-CA-V0070 Rev. No. 0

Project 100 Area Remediation Job No. 22192 Checked J.D. Ludowlse 3

Subject Cleanup Verification Sampling of Overburden from the 116-N-1 Trench Sheet No, 4 j_

Calculation Sheet 4
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S. Calcjialions (Continued)

FIGURE 1. 116-N-1 Overburden
Stockpile

(NOT TO SCALE)
149,950 TRENCH F571702,34
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Bechtel Hanford, Inc. CALCULATION SHEET

Originator K.E. Cook iV6-.- Dated 4 LCalc. No. 0100N-CA-V0070 Rev. No. 0

Project 100 Area Remedlatlon Job No. 22192 Checked J.D. LudowIse Date l ) - "3

Subject Cleanup Verification Sampling of Overburden from the 116-N-1 Trench Sheet No.5 of 5

. CaUlaions fConinued* A oiA
The coordinate. in Altachnrmert deed to be conveed to Washington State Plane Coordinates. This ionveisio is
nornaly accompised by rotating the X-Y axes into the Washington State Plana Coodinates, In thiscse
mhe site Cit dirocy on the NolrtngEas*Ing gtid lines end requires no rMoation. The formulas and discussion are
maintained in the body of the Calculation (or coninuity with pneviout calculalons.

It x and y are the Easting and Northing vakhes. rnspecrety, and X and Y are the slockpee space coordinales, then
the formulas for converlion are provIded in Appendix E of Stewart (1991):

x X cos( -Y in(a) (Eq. 3)y - X sin()+ Y Cost(s (E4. 4)
where a is the ngle of rotation as shown In Figure i.

a is cIculated from the fomsfla
Sartan Virry'('-)]

Using the coondinates of the northeast and northwest coMners ol me design rectange,
a- ataritjn (YrY l)]

- auctn [(149,907.29 - 149,907.29) / (571,824.74 -571,782.34)]
= 0DA rach. or 0.00 degrees

Because the origin of the stodpile coordinate system and the Washington State Plane Coordinate system ae not the
same point. equations 3 and 4 need to be ajusted by this differmnc

x - , + X CoS(*)- Y sin(a) (Eq. 5)
y= + X sin(4+Ycos(a) (Eq. 6)

where X and Y. are the Washington State Plano Coordinates of the ouigin of the stockpile space coordinate
systen, 571,782.34 and 149.907.29 meters, respectively. The rests, using eqtations 5 and arm shon in Attachment B.

Calculation Sheet 5
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Sampling Locations in T-cwa epeo e Coordinates
Ovas 9k PP0fl

Attacdment A
Odginator: K.E. Cook JtUC- Date:, /4 1 3 I
Checked:J. Mudowise k a: *: -1- -3
Cal, No.: 0100N-CA-V0070
Ro: 0 Shoot Nei I of 1

The values for X, Ond Y, are calculated using Equations I and 2. The Microsh Excel (A) RANO() unction was
used to calculate values for RND.

Stockpile Sp.c
Coordinates, Rounded to

Random Nunber = RANOg the Nearest Meter

Saile For Calculating X For Calculating Y
No. Coordinale Coordinate X Y

1 0.1070 0.805- 17 95
2 0.9906 0.0540 158 _____

3 0.8631 04291 136 90
4 0.4467 0.5462 70 78
5 0.368 0.9244 58 132
8 0.5354 .M99 84 122
7 0.2760 07177 43 103
8 02523 0.4338 40 62
9 0.2026 0,7797 32 1 112
10 0.7284 0.4136 115 59
11 0.8314 0.9301 131 133
12 0.4757 0.5627 75 a1
13 0.1515 0.0789 24 11
14 0.1370 0.9755 22 140
Is 0.446 0.0992 73 14
t0 0.7149 0.8644 113 124
17 0.2601 0.0702 41 10
Is 0.7348 0.9665 116 138
19 0.4483 0.0859 71 98
20 0.0657 0.1856 10 127
21 0.0780 04162 12 117
22 0.7082 0.7344 112 105
23 0.0590 0.4080 9 71
24 0.1572 0.03M) 25 5
25 0.8285 0.7446 13 107
26 0.0093 0.8495 1 122
27 015623 0.6499 89 93
28 0.233 0.3209 37 47
29 0.9556 0.0326 151 5
3D 01120 0.0309 18 90
31 0.5151 0.1941 1 28
32 0.8180 0.2516 129 36
33 0.5226 0.7233 82 104
34 0.2889 0.6244 42 89
35 0.897 0.3895 137 56
36 0.5032 0.1347 89 19
37 0.8589 0.1854 135 27
38 023009 0.4522 47 65
39 0,1780 0.208 28 38
40 0.1967 0.7019 31 100
41 0.8699 0.7456 137 107
42 0.8121 0.4038 128 58
43 0,1881 0.9605 30 137
44 0.4046 0.4311 64 62
45 04107 0,2917 65 42
46 0.3572 0.6095 56 116
47 0.7777 0.7146 123 102
48 0.874 0.7073 93 101
49 0.2809 09415 44 135
50 0.0138 0.3259 2 47

Attachment A
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Sample Locations in WashingtOn State Plane Coordinates

Aitadiment S
Wcro ,rIE.Cook rac- ate:ia|

aeaktd J.O. LUdoie O at,: Uk #3p
NI. 0l0ON-CA-V0070

: 0 Sheet No.: l oll
rise lowyng W tabl rspsesenht kist 10 sample lo1cns tor the O, e Sl as sw

on Aftacthet C.

OVOibunen Stockpile

Sample No. Tran, Space
Iron, CoaMt, PRaed t

AUt trmeot A de Hearses Meor
x Y

4 70 78
5 58 132

a 84 12 2
j

7 43 103
8 40 62

10 115 59
$2 75 i1

1971 go
22 112 1075

25 131 107

WWsncq, State Plant Rounded Wshkngton
GoesWO Sae Plan Goes

571,712.34 149,29.29 571,712 149.829
571.724.34 149.776.29 571,724 149.775
571,696.34 149,78.29 571.6m 149.785
571.730.34 149A04.29 571.73 149,804
571.742.34 140,841.29 671.42 149,845
571,667.34 149,848.29 571,667 149,84
571,707.34 149826.29 571.707 14982
571,711.34 142M2!29 571.711 149A09
571.870.34 149A02.29 571A70 149,802
571,851.34 149,fn.21 571,651 149*00

Attachment 1
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CALCULATION COVER SHEET

Project Title:
Area
Discipline
Subject
Computer Program

100-NR-1 TSD Sites Remedial Action Project Job No.
100N
Environmental *Calc. No. OIOON-CA-VO078
I16-N-1 Trench Landbridge Cleanup Verification 95% UCL Calculation
Excel Program No. Excel 97

The attached calculations have been generated to document compliance with established cleanup levels.
These documents should be used in conjunction with other relevant documents in the administrative record.

Committed Calculation 191 Preliminary 0 Superseded 0
Rev. Sheet Numbers Originator Checker Reviewer Approval Date

Cover = I
0 Sheets=5

Total = 6 K. A. Ans J. E. Thomson K. E. Cook S. E. Parnell

SUMMARY OF REVISIONS

* Obtain calc no. from DIS

DE01-437.03
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CALCULATION COVER SHEET

Project Title 100-NR-1 TSD Sites Remedial Action Project Job No. 22192
Area
Discipline
Subject
C'omputer Pr

100-N Area
Environmental *Calc.No. IOON-CA-V0079
116-N-I Trench Landbridge RESRAD Calculation
gram RESRAD Program No. Version 6.22

The attached calcuations have been generated to document compliance with established cleanup levels.
These documents should be used in conjunction with other relevant documents in the administrative record.

Committed Calculation m Preliminary ci Superseded 0

-Obtain Calc. No. from DIS

DE01-437.03

C-1 33

Rev. SheetNambrs Originsa., Checker Rniew Approval Date

0 Sn*ey - Pg

Asu.I - SIps S. W. Clark J. E. Thomson K. E. Cook S. E. Parnell

AM, I - 44 Pt

Aum. 2 - 25 pg
Anata3 -44 Pg

Aim 42pg .t~

Man6- 44 g
Aim. 7 - 21lpg
ToWa 190 pg

SUMMARY OF REVISION

November 2002
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Bechtel Hanford, Inc. CALCU TION SHEET
Orignor: Is. W. Clark kDate: Caic No.: I IODN-CA-V0079 Rev.: 0

Project: 100-N- Remedil Action Job d: Check: 1 J. E. Thomson Date: //
Subject: I 116-N-1 Trench Landbridge RESRAD Calculation Sheet No. I of 5

1 PURPOSE:
2
3 Calculate the predicted soil and groundwater concentrations, dose, and risk contributions from
4 radionuclide contaminants in shallow zone and deep zone soil at the location of a land bridge
5 proposed to cross the 116-N-1 remediation site.
6
7 GIVENIREFERENCES:
8
9 1) Cleanup verification data from 116-N-1 Trench Landbridge Cleanup Verification 95%

10 UCL Calculation, Calculation No. 01 O00N-CA-V0078, Rev. 0, Bechtel Hanford, Inc.,
11 Richland, Washington.
12 2) Remedial Design Report/Remedial Action Work Plan for the 100-NR-I Treatment, Storage,
13 and Disposal Units (RDR/RAWP), DOE/RL-2000-16, Rev. 1, U.S. Department of Energy,
14 Richland Operations Office, Richland, WA.
15 3) Radioactive and nonradioactive contaminants of concern from the l00-NR-1 Treatment,
16 Storage, and Disposal Units During Remediation and Closeout Sampling and Analysis Plan
17 (100-NR-1 SAP), DOE/RL-2000-07, Rev. 1, U.S. Department of Energy, Richland
18 Operations Office, Richland, Washington. For the purpose of these RESRAD calculations,
19 the radioactive contaminants of concern (COCs) are americium-24 1, cesium- 137, cobalt-60,
20 europium-I 54, europium-1 55, tritium, nickel-63, plutonium-2391240, and strontium-90.
21 The nonradionuclide contaminants of concern are nitrate, total chromium, hexavalent
22 chromium, and mercury. Concentrations of all nonradionuclide contaminants are below the
23 remedial action goals per the RDR/RAWP and they are not considered further.
24 4) RESidual RADioactivity (RESRAD) computer code, version 6.22, to calculate compliance
25 with residual radioactivity guidelines, developed for the U.S. Department of Energy by the
26 Environmental Assessment Division of Argonne National Laboratory, Argonne, Illinois.
27 5) 116-N-1 RESRAD Evaluation of Groundwater Protection, Calc. No. 100N-CA-V0066,
28 January, 2003, Bechtel Hanford, Inc., Richland, Washington.
29
30 SOLUTION:
31
32 1) RESRAD runs were performed for the residual contamination in shallow zone and deep
33 zone at the site of the land bridge proposed to cross the I16-N-I Trench. Table I shows the
34 elevations (NOVD88) and dimensions of the relevant soil horizons. The ground surface
35 elevation for excavation backfill is 140.0 m. The average groundwater elevation beneath
36 the site is 117.5 m. The average elevation of the excavation floor is 135.4 m. Attachment
37 1 shows the dimensions of each soil horizon and the contaminant pathways considered for
38 dose, risk, and groundwater protection. Input factors for the RESRAD run are shown in the
39 "Summary' section of the RESRAD "Part 1: Mixture Sums and Single Radionuclide
40 Guidelines" printouts in the Attachments to this Calculation Summary.
41
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1 2) The year where the peak dose (or concentration) occurs in the groundwater from each
2 individual COC was examined by a preliminary RESRAD modeling run. This year was
3 then added for all horizons for the final RESRAD runs. For the groundwater (well water)
4 the peak years were year 7.6 for cobalt-60, year 42 for cesium-137 and strontium-90, and
5 year 137 for nickel-63. The 7.6, 42, and 137-year time periods were included in all of the
6 RESRAD runs. Year 14 was also added, corresponding to 2018, the date of the 30-year
7 site cleanup schedule of the Hanford Federal Facility Agreement and Consent Order.

8
Table 1. Waste Site Dimensions for RESRAD Modeling

Parameter Units Shallow Zone Deep Zone Comments
Contaminated Zone Dimemions

Cover Depth in 0 4.6

Area of Contaminated Zone (CZ) m 12,00 12,400
Length Parallel to Aquifer Flow in 120 120 Based on Site Dimensions

Elevations of Vadose Zone Horizons
Elevation: Surface in 140.0 140.0 NAVDS8
Elevation: Bottom of Excavation im 135.4 135.4 NAVD88
Elevation: Groundwater m 117.5 117.5 NAVD88
hiness: Contaminated Zone m 4.6 10.1

IThickness: Unsaturated Zone in 17.9 7.8 Calc. No. 100N-CA-V0066
9

10
11 METHODOLOGY:
12
13 1) Pu-239/240 Conversion: The relative individual Pu-239 and Pu-240 activities were
14 calculated from the combined Pu-239/240 results reported. The calculations were
Is performed in accordance with calculation brief No. 0l00B-CA-V0013. The relative
16 activities for Pu-239 and Pu-240 were calculated by multiplying the cleanup verification
17 value for Pu-239/240 by 0.807 and 0.193, respectively. Table 2 shows the results from this
18 calculation.
19

Table 2. Conversion of Pu-239/240 to Relative Pu-239 and Pu-240 Activities
Source of Pu-239/240 Activity Pu-29,(pCl/g) Pu-240, (pCVg)

Radionuclide Data (pCi/g) (0.807 multIplier) (0.193 multiplier)
Shallow Zone 0.072 U 0.058 U 0.014 U

Deop Zone 700 564.9 135.1
20
21 2) Runs of RESRAD Version 6.22 were completed for the shallow and deep zones using the
22 radionuclide concentrations shown in Table 3. RESRAD numerical output reports for
23 dose, risk, and concentration for the shallow and deep zones are presented in the
24 Attachments to this Calculation Summary.
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Table 3. 116-N-1 Shallow and Deep Zone Radionuclide Soil Concentrations

Radionuclide COCs Shallow Zone Radlonuclide Deep Zone Radlonuclide
Rad____c__de CO __ Soll Activity, pCI/g Soll Activity, pCi/g

Am-241 1.2E-01 U 6.29E+02
Co-60 2.IE-01 9.6500E+04

Cs-137 5.9E-01 9.460E+03
Eu-154 79E-02 U' 9.28E+01
Eu-155 6.2E-02 Us 2.1E+01 U'

H-3 (tritium) 8.E-02 U & -3.66E+00 Ub

Ni-63 1.54E-01 U' 2.370E+03

Pu-239 5.8E-02 U 5.65E+02
Pu-240 1.41-02 U 1.35E+02
Sr-90 ISE-01 2.150E+03

U - sndctd. Valu was not input into RESRAD because the radionuclide was wndtected in soil samples.
RESRAD does not accept negative values. When results as negativ zero is used as the input vali,

2
3
4 RESULTS:
5
6 1) Radionuclide "All Pathways" Dose Rate: The "all pathways"(maximum) dose rates are
7 shown in Table 4. The maximum dose rate of 4.39 mrem/yr from the combined shallow
8 zone and deep zone occurs at year zero (2004).
9

Table 4. All Pathways Dose Rate (mrem/yr)

Vadose Zone "All Pathways" Dose Contributions in mrem/yr at Each Time Slice (yr)
Horizon 0 1 3 7.6 141 42 100 137 300 1000

Shallow Zone 4.39E+00 4.09E+00 3.57r+0O 2.3E+ 2.03E+0 8.91E01 2.23&01 9.3117022.04E-03 4.31107

DeepZone 2.92E.19 2,59E-19 2.04E19 1.185-1915,47E-20 1.921-21 4.54E2411.88-2414.36&325 1.25E-27

Total 4.39E+00 4,09E+00 3.57E+00 2.73E+00I 203E+00 8.91 E-01 2.23-01 19.3113-0212.043-03 4,31E-07

10
11
12 2) Radionuclide Excess Cancer Risk: The radionuclide excess cancer risk results are shown
13 on Table S. The maximum risk (4.72 x 10-) occurs at year zero (2004).
14

Table 5. Radionuclide Excess Cancer Risk

Vadose Zone Excess Cancer Risk at Each Time Slice (yr)
Horizon 0 1 3 7.6 14 42 1 100 137 300 1000

ShallowZone 4.72E.05 4.50.05 4.10E54 3.415|2.75&05|1.33E-05-3.36E-06 1.425.06 3.3338 1.-91lE-l
Deep Zone 1.82E-24 1.62E-2411.27E.24 7.34E-2513.415-25|1.21532615.41E329 3.655-29 0 1 0

Total 4.72 .&0 4.105 3 512.75&0511.335|3.36-06 1.410613.3308191 I
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3) Radionuclide Groundwater Protection: The radionuclide concentrations in groundwater
due to shallow zone and deep zone soil concentrations were calculated by the RESRAD
model and summarized in Table 6. None of the radionuclide contaminants of concern were
calculated to reach groundwater in the 1,000 years of the RESRAD modeling runs.
Therefore there is no need to do a comparison to drinking water standArds (MCL)
calculation brief for the 116-N-1 Trench Landbridge.

Table 6. RESRAD Calculated Groundwater (Well Water) Concentrations.

Radio- Groundnter Concentration In pCi/L at Each Time Slice (yr) RAG
nuclide 0  1 3 7.6 4 42 1100 137 1 300 1 1000 pCi/L
Am-241 0 0 JO 0 0 0 0 0 1 0 1.2
C-60 0 0 0 0 0 0 0 0 0 1 0 100

s-13 7  0 o n 0 0 0 0 0 0 1 0 60
Eu-IS4 0 0 0 0 0 O 0 t 0 0 60

- 1 0 0 _______ 0__2___FuI5 0 0 0 0h~ 0 0 0 600
-I 0100 -0 j 0 0 1 [ o 0 00

NH63 0 0 0j 0 0 0 0 0 0 0 50
N"3 1 0 0Jo 0 0 0 0 0 0 0 0 56

Pu240 0 0 0 0 0 0 0 0 0 0 12

Sr-9 0 0 0 0 0 1 0 0 1 g

10
11
12 CONCLUSIONS:
13
14 * The "all pathways" (maximum) dose rates are shown in Table 4. The combined maximum
15 all-pathways dose rate for the shallow and deep zones is 4.39 mrem/yr which occurs at year
16 zero (2004).
17
18 e The dominant pathway for the dose rate is direct external exposure.
19
20 a The primary radionuclide contributing to the direct exposure pathway is cobalt-60.
21
22 * None of the site COCs are projected to exceed remedial action goals (RAGs).
23
24 * The radionuclide excess lifetime cancer risk results are shown in Table 5. The maximum
25 combined shallow and deep zone excess lifetime cancer risk (4.72 x 10-) occurs at year
26 zero (2004).
27
28 * None of the radionuclide contaminants of concern are predicted to reach groundwater in the
29 1,000 years of the RESRAD model run. Therefore there is no need to do a comparison to
30 drinking water standards (MCL) calculation brief for the 116-N-I Trench Landbridge.

C-137

9

I



CVP-2006-00004
Rev. 0
For Approval

Bechtel Hanford, Inc. CALCULATION SHEET
(originaltr: s. W. Clhk Date: I z /t4 Calc. No.: IOON-CA-V0079 I Rev.: 1 0

Project: IOO-NR-l Remedial Action Job No: I 1Y2 I Checked: J E. J m s1nK;RU0 Dale: /
Subject 116-N-1 Trench Landbindge RESRAD Calculation Shet No. 5 or 5

1
2
3 ATTACHMENTS:
4
5 1. Graphic showing 116-N-i Vadose Zone Model (I page)
6 2. RESRAD Output: 116-N-1 Evaluation of Shallow Zone for Backfill; Part I: Mixture Sums
7 and Single Radionuclide Guidelines (25 pages)
8 3. RESRAD Output: 116-N-1 Evaluation of Shallow Zone for Backfill; Part III: Intake
9 Quantities and Health Risk Factors (44 pages)

10 4. RESRAD Output: 116-N-1 Evaluation of Shallow Zone for Backfill; Part IV:
II Concentration of Radionuclides (21 pages)
12 5. RESRAD Output: 116-N-I Evaluation of Deep Zone for Backfill; Part !: Mixture Sums and
13 Single Radionuclide Guidelines (28 pages)
14 6. RESRAD Output: 116-N-I Evaluation of Deep Zone for Backfill; Part III: Intake
15 Quantities and Health Risk Factors (44 pages)
16 7. RESRAD Output: 116-N-I Evaluation of Deep Zone for Backfill; Part IV: Concentration
17 of Radionuclides (21 pages)
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116-N-1 Trench Cleanup Verification Model

Vadose Zone Components

Shallow Zone
(Thickness = 4.6 m [15 ftI)
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